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ABSTRACT
Methods for the syntheses of 4,4’-dichlorobenzophenone either directly, 
or indirectly via bis-(4-chlorophenyl) methane or 1,l-bis-(4-chlorophenyl)- 
ethane, have been examined. There are no less than ten direct and twenty- 
five indirect methods that may be used for the syntheses. Of these, two 
direct methods from phosgene and 4-chlorobenzoyl chloride and five indirect 
methods from 4^chlorobenzyl chloride, methylene chloride, acetylene, vinyl 
chloride and 1,1-dichloroethane were chosen for a detailed examination.
All of these involve Friedel-Crafts reactions with the same substrate, 
clilorobenzene. Up to six possible isomers of di-(chlorophenyl) compounds 
can be expected from these reactions.
In order to identify the isomers and to estimate the isomer ratios 
obtained in the above methods, all six isomers of dichlorobenzophenone, 
di-(chlorophenyl) methane and 1,l-di-(chlorophenyl)ethane were first 
prepared by unambiguous procedures; several of these are new compounds, 
not previously reported in the literature. It was thus found that either 
gas-liquid chromatography or ‘its combination with nuclear magnetic 
reasonance enabled the isomer ratios to be determined in mixtures containing 
all six isomers. It was thus found that the maximum percentages of the 
required 4,4'-isomer obtained in the various reactions studied experimentally 
were 43 (phosgene), 100 (4-chlorobenzoyl chloride), 6l (4-chlorobenzyl 
chloride), 11 (methylene chloride), 34 (vinyl chloride), 36 (1,1-dichloro­
ethane). Previous workers obtained 50^ of the 4,4'-isomer from acetylene.
On the basis of the present experimental work and the previous work 
reported in the literature, estimates were made of the costs involved in 
the various processes. It was concluded that on a laboratory scale, the
synthesis from 4-chlorobenzoyl chloride was both the most convenient 
and the cheapest method available. On a larger scale, the synthesis from, 
vinyl chloride and phosgene were the cheapest, but the latter was the 
more convenient of the two.
Since similar isomer ratios of 1,l-di-(chlorophenyl) ethanes were 
obtained in reactions with vinyl chloride and 1,1-dichloroethane, the 
mechanism of these reactions were investigated and it was found that 
the reaction with vinyl chloride proceeds via 1 1^-dichloroethane.
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INTRODUCTION
The overall object of the project was to synthesize and 
isolate isomerically pure samples of bis(haloaryl) compounds in 
general and 4,4,-dichlorobenzophenone in particular using where 
possible the available literature methods, either as such or 
modified as necessary.
The various methods for the preparation of 4,4'-dichloro- 
benzophenone are set out in Chapter 4. Most of these.are Friede1- 
Crafts reactions. The thesis is therefore so organised that the first 
chapter covers an introduction to the Friedel-Crafts reaction, its 
history, scope and a general background. The second chapter deals 
with the mechanism and orientation which are the decisive factors in 
the products of electrophilie aromatic substitution reactions. The 
uses of di(chlorophenyl) compounds in industry and in toxicology and 
related fields are presented in the third chapter. As mentioned 
before, the fourth chapter examines very briefly the different 
reported direct and indirect routes to 4,4’-dichlorobenzophenone.
The fifth chapter gives general ideas about the reagents and catalysts 
that are used in the methods which are examined in detail in this 
thesis. Selective 4,4’- substitution and extraction and purification 
of the 4,4,-isomer are dealt with in Chapter 6 .
2CHAPTER 1
1. FRIEDEL-CRAFTS REACTIONS
1.1. Discovery and early research
Friede1-Crafts reactions were discovered in France by Charles 
Friedel (1832 - 1899) and James Mason Crafts (1839 - 1-917).^
Friedel had started a dual career in mineralogy and organic 
chemistry after obtaining a bachelor's degree in science and 
mathematics. He was carrying out research under the supervision of 
Wurtz in 1863 in Paris, when he was joined by Crafts, a mining 
engineer, from Boston. They carried out joint research on organo- 
silicon compounds until 1865 when Crafts returned to the U.S.A.
He was forced to leave his teaching duties at the M.I.T. in 1874 
due to ill health and so he returned to Paris and revived his former 
collaborative scheme of research with Friedel,
O n  A p r i l  3rd, 1877, Friedel and Crafts accidentally observed 
the evolution of hydrogen chloride from the action of metallic 
aluminium on amyl chloride whilst they were attempting to convert amyl 
chloride to its iodide. They soon realised that the activating body 
in the reaction was aluminium chloride.
2
On May 18th, 1877, a paper was presented at the meeting of the
Societe Chimique de Paris, reporting that Friedel and Crafts had
commenced the study of the action of aluminium chloride on various
chlorides, hydrocarbons and mixtures of various compositions. Three
3
weeks later, on June 11th in another paper presented to L'Acadaraie
des Sciences, they described their new general method for the
synthesis of aromatic hydrocarbons and pointed out the versatility
of organic halides as alkylating agents. In another three weeks, the
4use of chlorides other than aluminium was described and it was 
noted that certain chlorides (Zn, Fe, etc) could replace aluminium 
whereas others (Mg, Cu, Hg etc) could not.
5
In another paper the same authors showed that not only aliphatic 
acid chlorides containing more than one chlorine atom participate in 
such reactions, but also arylalkyl chlorides, for example benzyl 
chloride, react with aromatic hydrocarbons with the replacement of 
halogen.
Even though reactions similar to the Friedel-Crafts synthesis
6-14
had been observed before 1877, it was the systematic work of
Friedel and Crafts that opened a new area of organic chemistry.
1.2. General Aspects
1.2.1. Definition and scope
In the past hundred years since the remarkable discovery of 
Friedel and Crafts aluminium chloride reaction, its scope has been 
expanded to cover a variety of reagents and catalysts and today the 
general reaction represents a very large chapter in aromatic 
electrophilic reactions.
15
The Friedel-Crafts reaction can be defined as "a process of 
uniting two or more organic molecules through the formation of carbon
hto carbon bonds under the influence of certain strongly acidic 
metal halide catalysts such as aluminium chloride, boron 
trifluoride, ferric chloride, zinc chloride etc....!
Nowadays the term Friedel-Crafts reactions covers any type 
of isomerization, substitution, cracking, polymerization or 
addition which occurs under the catalytic effect of Lewis acid 
type acidic halide or proton acids. The evolution of hydrogen 
halide was originally considered to be a characteristic of the 
reaction, but this is not a limiting condition any more. The scope 
is not restricted to the formation of carbon-carbon bonds but has been 
extended to carbon-oxygen, carbon-nitrogen, carbon-halogen bonds etc.
The amount of research on Friedel-Crafts reactions presented in 
scientific and patent literature has grown tremendously since 1877.
An excellent treatise called "Friedel-Crafts and related reactions" 
consisting of four volumes in six parts covering over five thousand 
pages with about 20,000 references was edited by G.A. Olah in 1 9 6 9.
In I9 7 2, in another book called Friedel-Crafts Chemistry, G.A. Olah 
updated the important chapters of the previous set to cover the period 
19b5 - 72, and also included the recent advances in that field from 
1965 - 72 and mechanistic aspects of the reactions.
For the purpose of this thesis, only the topics in Friedel-Crafts 
reactions vhich are of particular interest in the present research 
will be dealt with in detail.
1.2.2. Components for a reaction
A Friedel-Crafts reaction requires the following:-
5a) The compound undergoing substitution, i.e. the substrate
b) The reagent that supplies the substituent, i.e. the alkyl
halide, alkene, alcohol, acid halide, etc.
c) The catalyst which may be a Lewis acid or a proton acid.
d) The solvent which may be an excess of the reagent or the substrate.
a) The substrate:- In a Friedel-Crafts reaction, the aromatic 
compound is generally the substrate.
It may be an.aromatic hydrocarbon, aryl chloride or bromide, 
a mono or poly-hydric phenol or its ether, an amine, acid, quinone, 
or a heterocylic compound. The progress of the reaction depends on 
the structure of the aromatic nucleus. Electron donating groups 
facilitate reaction whereas electron withdrawing ones inhibit 
reaction.
There are exceptions because groups such as alkoxy, hydroxy and 
amino do not activate alkylation reactions because the catalysts 
coordinate with the basic groups. The same groups with the exception 
of amino activate acylation reactions. Heterocyclic rings are poor 
substrates for alkylation reaction, but some of them have been 
acylated . ^
. 17
One of the commonest substrates for arylation is benzene.
Self condensation of halogenated polynuclear hydrocarbons, ^
20 21
and halobenzenes ’ with Friedel-Crafts catalysts are also known. 
Substrates have to be capable of withslanding high temperatures 
required for the reaction.
6b) The reagent
In an alkylation reaction, a hydrogen atom or a substituent
22 23 2k
group such as methyl ethyl ’ etc, of an aromatic nucleus is 
replaced b3r an alkyl group through the interaction of an alkylating 
agent such as alkyl halide, alkene, alkyne, alcohol, aldehyde etc.
In an acylation reaction, an acyl group is introduced into the 
aromatic nucleus by an acylating agent which is an acyl halide, acid 
anhydride, ester or an acid.
Arylation reactions are very difficult to carry out and three 
types of arylating agents are known, aryl halides, diazonium 
halides and aromatics.
c) The catalyst
Regardless of whether the reaction is alkylation, acj'lation or 
arylation, a catalyst is always required. Aluminium chloride is the 
most common one but other Lewis acids have been used, in addition to 
proton acids such as hydrofluoric and sulphuric acid. Acidic oxide 
catalysts such as silica, alumina and cation exchange resins and also 
super acids have been used for Friedel-Crafts reactions.
The reactivity of a catalyst usually depends on the substrate, 
reagent and conditions. However, the activity of the various 
catalysts have been compared. The investigations which were intended 
to establish the reactivity sequence of catalysts have led to a 
considerable number of empirical "orders of activity". The data from 
which the relative effectiveness of Friedel-Crafts catalysts can be
25-28
judged are based 011 product yields from various types of reactions,
7Alkylation reaction:-; require catalytic amounts of catalyst,
except when alcohols, ethers or esters are used, whereas for
acylation a little over one mole of catalyst is required per mole
of reagent since the first mole coordinates with the oxygen of the 
2Q
reagent. In arylation reactions, high temperatures and strong
acid catalysts are required. Aluminium chloride is the usual
catalyst, and salts such as cupric chloride and ferric chloride^
31
are sometimes added to serve as oxidant. Freeman found ferric 
chloride in nitromethane was the best catalyst for the dimerization 
of 1-ethoxynaphthaleneto 4,4'-diethoxy-1,11-binapthyl.
Cocatalysts or promoters are sometimes required to effect 
alkylation with olefins and polymerization reactions. The presence 
of moisture is essential for these reactions. Lewris acid catalysts 
are sometimes dissolved in compounds containing donor atoms or group 
e.g. alcohols, ethers, ketones, nitrocompounds etc. Addition compou 
of the type HOH*AlX^,, R^CO'AlX-^, RMOg* AlX^ have been isolated as 
stable entities under anhydrous conditions.
d) The so1vent:-
The use of efficient solvents in Friedel-Crafts reactions makes 
possibly a smaller reagent: catalyst ratio, a purer product, and
higher yields.
Generally an excess of the substrate serves as the solvent. 
However, hydrocarbons which are common substrates are rather poor 
solvents for acidic halide catalysts and serve as diluents only in 
heterogeneous systems.
«Amongst the inert solvents, carbon disulphide is the most 
32-34common. It has the advantage in that it prevents the migration
35 . 3*5
of groups. However, it iJ.a3 found to reduce yields and slow do\m
37
the velocity of reactions.
Nitrobenzene and nitroalkanes are good solvents because they 
form addition complexes with various catalysts and thereby reduce 
tarring and disproportionation action.
Other solvents used are petroleum ether, 1,2-dichloroethane, 
methylene chloride, 1,2-dichlorobenzene and diethyl ether.
1.2.3. Sequence of addition of reagents
In acylation reactions, the order of addition of reagents is 
important. The interaction of the acyl halide, aromatic compound and 
catalyst produces a complex of the aromatic ketone and catalyst together 
with hydrogen halide. The ketone is liberated by hydrolysis, e.g.
h 2o
RCOX + Aril + AlX- ^ ArCO-AlX, + HX — — > ArCOR
3 1 3
H
Three general methods of addition of reagents are therefore 
possible.
Friedel-Crafts, Elbs:- This was the general method used by Friedel
and Crafts^ and developed by Elbs^ where the catalyst is added last.
Bouveault:- The aromatic compound and catalyst are first mixed and
4q 41
then the acyl halide is added. ’ This is not widely used as 
hydrogen halide may form from the moisture or after initial addition 
of acyl halide and this may cause isomerization or disproportionation.
Perrier:- The catalyst and the acyl compontent are allowed to
40 43
react before the addition of the substrate. ’
1.2.4. Side reactions:-
Friedel-Crafts monoalkylation is unusual because the entering
group is activating and therefore di- and poly-alkylation are
observed. The activating effect of simple alkyl groups (ethyl,
isopropyl) are such that substitutions are 1 .5 to 3 times as fast a 
44 45as benzene ’ so it is not too difficult to obtain high yields of 
a monosubstituted product. The alkylbenzenes are preferentially
46soluble in the catalyst layer where the reaction occurs, and this 
may be remedied by the use of a suitable solvent, high temperatures 
and efficient stirring.
Another .’complication in alkylation reactions is dealkylation
which can occur because aluminium chloride can also remove alkyl 
47 48groups, * and so some Friedel-Crafts reactions are reversible.
A further complication is inter and intramolecular isomerization.
Isopropyl and t-butyl groups are readily transferred and one alkyl
49 50group can displace the other. ’ Even on stirring ethylbenzene with
. 51
aluminium chloride, benzene and polyethylpenzenes are obtained.
Di- and polyacylation is not as common as di- and poly- 
alkylation, due to complex formation, as described in 1 .2 .3 , which 
deactivates further acylation due to steric hindrance. Another reason 
is because the acyl group is deactivating and further reaction is 
dif Cicult.
1U
Isomeri nation may accompany acylation due to migration of
52
substituent groups in ketone synthesis. Isomerization of the 
carbon chain of acyl halides used in Friedel-Crafts acylations 
does not occur. This absence of side chain rearrangement has 
made acylations very valuable since on subsequent reduction, 
hydrocarbons of predicted structure are obtained.
Cyclization of aromatics may also occur in Friedel-Crafts
reactions. Cyclialkylation with bifunctional compounds such as
dihalides, unsaturated halides is common. These compounds react
at each end of the bifunctional open chain to attach a new cycle to
the aromatic nucleus. Cyclialkylation can be divided into inter-
molecular reactions (involving a bifunctional alkylating agent 
53and aromatics) and intramolecular reactions (involving ring
54
closure of monofunctional aralkyl compounds).
Cycliacylation similarly may be intramolecular and inter- 
molecular. The former gives cyclic ketones by intramolecular 
acylation involving an aromatic ring and an acyl halide group in 
a side chain. Intermolecular acylations involve bifunctional acyl 
halides, e.g. oC,u_diacyl halides or unsaturated acyl halides or
55haloacyl halides.
CHAPTER 2
MECHANISM AND ORIENTATION
2.1. Mechanism
In a Friedel-Crafts reaction a reactive electrophilic reagent 
reacts with 7\ or<S donor substrates. A catalyst is required because 
the polarity of the carbon-halogen or carbon-ligand bond is not high 
enough to enable it to react with hydrocarbon substrates. The 
catalyst therefore coordinates with donor sites of the reactant or 
protonates A -or 6 ~bonds and thereby produces highly polarized or 
cationic reagents of sufficient electrophilicity to permit a reaction. 
The next step is the reaction between the formed electrophilic reagent 
and the substrate. The latter have been divided by Olah into
1) A -donors, e.g. aromatics, alkenes, alkynes
2) d* -donors, e.g. alkanes (C-C, C-H bonds)
3 ) n-donors, e.g. heteroorganic compounds^
A Friedel-Crafts reaction consists of the following steps:-
1) Reactant-catalyst interaction
2) Reaction of the substrate with the catalyst complex
3) Final elimination or addition step of the intermediate 
carbocation formed in step 2
The first step, therefore, introduces a more polar entity to 
the system. The polar electrophilic reactant reacts with the substrate 
to form the intermediate carbocation which leads to the final products.
Alkyl and acyl halides and other reactants containing heteroatoms are
capable of coordinating by the utilization of non-bonding electron 
pairs of heteroatoms with acid catalysts. The Lewis acid catalysts 
can coordinate to non-bonded electrons but are only capable of weak 
interaction with 7T or 6 electrons donors of the latter type and 
therefore require stronger protic acid catalysts to produce reactive 
intermediates. As the Friedel-Crafts reactions are rarely carried out 
under strictly anhydrous conditions and acid is liberated in these 
reactions, there is a considerable amounts of protic acid in the system. 
This is always beneficial and even essential for reactions with alkenes 
and alkyne s,
The presence of carbocationic intermediates have been confirmed
56 57
over the last few years ’ by n.m.r., infra-red, Raman and e.s.r. 
spectroscopy and X-ray crystallography, and in several cases, the structure 
of these intermediates have been determined.
Due to the electron deficiency of the carbocation, it reacts with
the nucleophile which may be a A, (f or n-donor. 7: -donor systems give
rise to electrophilic aromatic substitution, and only these will be dealt 
with.
A single step direct substitution mechanism would involve a kinetic 
hydrogen isotope effect in deuterated (or tritiated) aromatics but this 
has not been observed in many systems. This observation, in addition to 
the evidence for the formation of ionic intermediates suggests that the 
Friedel-Crafts reaction is a two step process.
The electrophile reacts with the aromatic compound to form a
cyclohexadienyl cation. This has been referred to as Pfeiffer-Wizinger
complex,Wheland intermediate^ Brown 6 -complex,^ Doering
61 62
benzenouira ion or an Olah benzenium ion. The product is formed 
as follows:-
 ^+ E
According to Ingold,^ cationic cyclohexadienyl intermediates 
represent satisfactory comparison models for the transition states 
of electrophilic aromatic substitution.
In their studies of substrate and positional selectivity, Olah 
6kand his coworkers observed low substrate selectivity with strong 
electrophilic reagents, together with high positional selectivity 
(high ortho/para ratio and a small amount of meta). They explained 
this by saying that the transition state of highest energy (which 
determines substrate selectivity) is of a A -complex type and is 
followed by a 6 -complex formation which determines positional 
selectivity.
Recently 01ah's group^’^  have proved that the transition state 
of electrophilic aromatic substrates are not rigidly fixed, always 
resembling the (T-intermediates, but frequently represent a much 
earlier state on the reaction coordinate resembling the starting 
aromatics,-^ i.e. (A-complexes). They found that in benzylation and 
acylation reactions, it is possible to vary systematically the 
electrophilicity of the reagents by the introduction of suitable 
substituents and thereby change the nature of the transition state 
from a -complex to one resembling a A-complex.
2.2. Orientation
When an electrophilic substitution occurs on a monosubstituted benzene,
14
the incoming group may enter at the ortho, meta or para position, and 
the substitution may be slower or faster than in benzene. The groups 
which increase the reaction rate are called activating, and those which 
slow it down are deactivating. Ortho-para directing groups may be 
activating or deactivating and meta directing ones are always 
deactivating,, (The directivity is predominantly to these positions 
and not exclusive).
Of the five positions open to attack in a monosubstituted benzene ring, 
two are ortho, two meta and one is para. Therefore if there were no 
selectivity in the substitution, the product would consist of 40$ ortho,
20$ para isomers and 40$ meta isomers. The orientation and reactivity
depends on inductive and resonance effects.
It is therefore possible to divide substituents into three ^categories.
1. Activating and ortho-para-directing, e.g. -NRg, -OH, -OCH^, -NHC0R, 
etc. By resonance these groups donate electrons to the ortho and
para positions and electrophilic substitution therefore occurs at
these regions.
2. Deactivating and ortho-para-directing, e.g. -F, -Cl, -Br and -I.
The halogens donate electrons to the ortho and para positions just as 
the groups in category 1, but due to the inductive effect, they 
withdraw electrons from the ring as a whole, causing substitution to 
be much slower than benzene.
30 Deactivating and meta-directing, e.g. -NOg* -CN, -C00H, -S0J3, -CIIO,
etc. These groups withdraw electrons from the ortho and para positions 
by resonance, leaving the meta regions relatively untouched. 
Electrophilic substitution therefore occurs at meta positions as they 
have higher relative electron density.
15
These reactions are kinetically and not thermodynamically 
controlled, i.e. the products which are formed faster predominate 
in preference to the ones with lower free energy. The proportion of 
the three products is therefore independent of thermodynamic stability 
and depends on the activation energy necessary to form each of the three 
intermediates. Assuming the transition state resembles the intermediate 
more than the starting materials, any factor which would increase the 
stabilit}7 of the intermediate will lower the activation energy. The 
intermediate is rapidly converted to products, hence the relative 
stability of the three intermediates, will determine the product ratio.
As mentioned in 1.2.2., Friedel-Crafts reactions proceed readily 
with electron donating groups which are ortho-para-directing, yet a
67, 68
considerable amount of meta products have been obtained in alkylations.
The relative proportions of the isomers depend on the conditions of 
reaction. Generally, the more vigorous the conditions, the greater 
is the tendency for the formation of meta derivatives. There has been
considerable discussion as to whether high meta isomer ratios are due to 
by rea<
45,73
69—72
a low selectivit action or due to the isomerization of the ortho
and para isomer,
In Friedel-Crafts acylations reactions, the aluminium chloride can
form well characterized complexes with acid chlorides and ketones produced.
Early investigators took advantage of the well-defined addition products
formed and attempted to trace the mechanism involved.^ ^  According to 
81
Boeseken, in the condensation of acyl halides with aromatic hydrocarbons 
or their derivatives, para-substituted ketones are almost invariably 
produced. This is because aluminium chloride is unable to form additive 
compounds of the type C^H-CO^lCl^C^H^X with X in the ortho position to
the carbonyl. However when Olah and Kobayashi, studied the 
acylation of benzene and toluene with substituted acyl halides, they 
found that substrate and positional selectivity depended on the nature 
of the electrophile. Thus groups such as 4-methyl, 4-methoxy, decrease 
electrophilicity and thus increase selectivity. Conversely, electron 
withdrawing groups such as 2,4-dinitro, increase electrophilicity and so 
more ortho substitution occurs. The latter effect is observed despite the 
increase in size and increased steric requirement. Olah and Kobayashi 
therefore concluded that the ortho-para isomer ratios depended on the 
electrophilicity of the reagents or the aromatics. Even though steric 
effects do affect the isomer distributions in acylation reactions, they 
are not the only factor in determinating orientation.
When an ortho-para directing-group is on the ring, it is normally 
difficult to predict the ratio of ortho to para, as it depends on the 
reaction conditions. The chlorination of toluene gives anywhere from 
62$ o' - chlorotoluene and 38$ of the para isomer to 34$ ortho and
Q<t
66$ of the para compound. On a purely statistical basis, there would 
be 67$ ortho and 33$ para since there are two ortho and one para position. 
Four chief factors are responsible for determining the ortho-para ratio.
a) Steric hindrance:- If either the group on the ring or the attacking
group is large, steric hindrance inhibits formation of the ortho product
and the amount of para isomer increases. An example is the nitration of
toluene and tert-butylbenzene under the same conditions. The former
gave 58$ ortho together with 37$ of para, the latter gave 16$ ortho
84
and 73$ of para product.
b) Interaction between substituent and reagent:- In the nitration of
methyl phenethyl ether, a higher ortho para ratio is obtained with
dinitrogen pentoxide than with nitric and sulphuric acids. This
85
behaviour has been ascribed to the following mechanism.
Other reactions in which high ortho:para ratios have been ascribed
to ortho-interactions are the electrophilic hydroxylation of anisole by
86
trifluoroperoxyacetic acid, and the electrophilic benzoylation of
87
phenol by dibenzoyl peroxide.
c) Electronic effects:- As very little is known about the magnitude 
of steric hindrance to ortho-substitution, it is not always easy to 
evaluate the importance of polar factors in governing the ortho:para 
ratio when this is less than the statistical value of 2:1. However 
when the ratio is greater than this, and providing it is not a result 
of ortho interaction, polar factors must be powerful enough to outweigh 
the effect of steric hindrance. The ortho:para ratio in reactions of 
nitrobenenzene^ and benzonitrile^^ have been explained as a consequence 
of electronic effects which favour ortho relative to para.
Amongst the halogens, fluorine has the strongest inductive effect . 
and hence has the greatest relative deactivating effect at the ortho 
position, compared to para. Next is chlorine, then bromine. The position 
of the iodosubstituent is anomalous due to its deactivating influence.
This is borne out experimentally in that ortho:para-ratios lie in the
90 91 92
order F < Cl < Br in nitration, 5 and chloromethylation whereas if 
the observed ratios resulted from steric hindrance to ortho substitution, 
the reverse would have been observed.
93
d) Solvent effects:- Stock and Himoe measured this ratio in the 
uncatalyzed chlorination of toluene at 25°C and found it varies from 
6 9 :3 1 in a heterogeneous reaction in aqueous hydrochloric acid to
34:66 in nitromethane; values in the region of 60:40 and 40:60 were 
found for hydroxylic and non-hydroxylie media respectively. They showed
that the variation is not related to changes in the absolute rate of 
reaction, or dielectric constant of the medium and suggested it arises 
because the reagent consists of a complex between molecular chlorine and 
the solvent and the selectivity of the reagent consequently depends on 
the nature of the solvent. ^
CHAPTER 3
USES OF DI (CHLOROPHENYL) COMPOUNDS
The principal uses of di(chlorophenyl) compounds are in the
polymer industry. 4,4'-Dichlorobenzophenone undergoes cyclization
with diphenyl ether to give heterocyclic compounds like n
^ ^ C O
which have been claimed to be useful as plasticizers and serve- as
94
cross linking agents for plastics. 4,4'-Dichlorobenzophenone is a
starting material for cyanatophenyl terminated linear polyphenyl ether
derivatives, which on thermal polymerization have been claimed to give
polymers which are readily fabricated in the form of shaped articles of
95
good flexibility, strength and toughness. Patents have been filed to
claim that the incorporation of 4,4'-dichlorobenzophenone accelerates
96 97
the degradation of plastics as such or by sunlight. ’ Mixtures of
organometallic compounds and photoactivators with 4,4'-dichlorobenzophenone
. . 98
provide photodegradability of plastics. 4,4'-Dichlorobenzophenone has
been suggested to be useful for the manufacture of aromatic thiols which
99 100are monomers in polymer synthesis. ’ The rate of photochemical 
polymerization of methyl methacrylate was sensitized by the presence of 
4,4'-dichlorobenzophenone.
Di(chlorophenyl) compounds other than 4,4'-dichlorobenzophenone have
also been claimed to be widely used in the plastics industry. A patent
was filed to claim that bis-(2-chlorophenyl) methane is a starting material
for benzophenone-2-(hydroxymethyl)-2-ethyltrimethylene acetal which is
an intermediate in the manufacture of plastics and thermostable poly- 
102
formaldehydes. It has been suggested that the addition of isomeric
di(chlorophenyl) methanes as plastizers to vinyl resins gives them
. . 105
better properties than when dioctylpthalate is the plasticizer.
A patent was filed to claim that polyamides were cross-linked without
cross-linking agents by exposure to ultra-violet light in the
1q4
presence of 0.1 - 5$ of 2,4'-dichlorobenzophenone. Cellulose
acetate films and fibres when coated with 2,4'-dichlorobenzophenone
105were claimed to give photodegradable fibres or films.
4,4’-Dichlorobenzophenone is the most highly degraded product of 
4,4’-DDT (1,1,l-trichloro-2,2-bis (4-chlorophenyl)ethane) so it has 
been widely investigated in the fields of toxicology, entomology 
insecticides and related areas. The metabolic pattern of 4,4'-DDT 
in the chickens was found by injecting it into fertile eggs prior to 
incubation, and analysing the tissues for metabolites. By electron 
capture chromatography, thin layer chromatography and infra-red 
spectroscopy the metabolites were found to be 4,4'-dichlorobenzophenone,
4,4'-dichlorodiphenyl methane and unsynme.tric •. bis(4-chlorophenyl)
... , 106 ethylene.
4,4'-Dichlorobenzophenone was used as a tracer for studying water
insoluble slowly metabolised portions of cigarette smoke condensate
in the air passages of guinea pigs."^^ A considerable amount of
systematic studies on the breakdown of 4,4'-DDT in tobacco smokes and
isolation and identification of the degradation products shave been
made and 4,4'-dichlorodiphenylmethane and 4,4'-dichlorobenzophenone were
found amongst other p r o d u c t s . M e t a b o l i t e s  resulting from
degradation of acaricides such as chlorobenzilate and chloropropylate
112
were 4,4'-dichlorobenzophenone. It has been suggested to be a
starting material for chlorinated diaromatic substituted aminalkanes which aie
. . 113
effective fungicides and insecticides. 4,4’-Dichlorobenzophenone
114 ,
controls nematodes and increases cucumber yields. Bis-(4-chloro-
phenyl) methyl sulfoxide obtained from 4,4’-dichlorobenzophenone is
useful for the control of plant pests and as a bactericide and a 
115
fungicide. 1,l-Di-(4-chlorophenyl) ethane is claimed to be useful
in the manufacture of highly chlorinated derivatives which are 
insecticides.
Patents have been filed to claim that 4,4’-dichlorobenzophenone
can be used as the starting material for substituted 3-amino-prop-l-enes
and oL -hydroxyalkylphosphonates and phosphonites which are used in the
117—8
pharmaceutical industry. cL-Hydroxyalkylphosphonates and
117
phosphonites are intermediates for plant protecting agents.
Aromatic thiols manufactured from 4,4’-dichlorobenzophenone are claimed 
to be useful as drug intermediates.^^’
4,4'-Dichlorobenzophenone is suggested to be the starting
material for glycols of the type H0CER*(CH9) poly (malericanhydride
121 . 122 . . 123 
amino and aminohydroxybenzophenones, bisphenols and diarylketazines.
It has been suggested that 1,l-di-(chlorophenyl) ethane can be
124
used to make electrical insulating oil. A patent has been filed to
claim that 1,1-diaryl ethanes on cracking over aluminium silicate at
o 125
635 C give chlorostyrene. Another patent claims that carbon
tetrachloride can be manufactured from mixtures of di (chlorophenyl)
126
compounds in the absence of a catalyst.
CHAPTER 4
PREPARATION OF DI (CHLOROPHENYL) COMPOUNDS
As outlined in Chapter 3, 4,41-dichlorobenzophenone has been 
suggested as a key intermediate in the preparation and production of 
a number of useful polymers. It is a synthetically valuable compound, 
for which there are a large number of actual and potential industrial 
applications. Perhaps surprisingly, the preparation of 4,4'-dichloro- 
benzophenone is not as straightforward as might be imagined. There are 
a large number of possible synthetic routes, but many are inconvenient 
or expensive and others lead to the formation of large quantities of 
isomeric compounds.
One of the aims of the present work is to survey the possible 
routes to 4 ,4 ’-dichlorobenzophenone in terms of convenience and cost', 
and also with regard to the formation of isomers of 4 ,4 1-dichlorobenzo- 
phenone that might be difficult to separate on a large scale. The 
present chapter sets out the possible routes to 4 ,4 ,-dichlorobenzophenoni 
many of these involve use of the Friedel-Crafts reaction, a survey of 
which was given in Chapters 1 and 2.
There are four major routes to 4,4’-dichlorobenzophenone, one of 
which is direct and three indirect. The three indirect routes are via 
the corresponding dichlorobenzophenone dichloride, dichlorodiphenyl- 
methane or diclilorodiphenylethane as shown below:-
Starting materials 4,4*-Dichlorobenzophenone
A
Sulphuric 
acid or 
ethanol
A
^  4,4*-Dichlorobenzophenone dichloride
■^r Bis-(4-chlorophenyl) methane
1,l-Di~(4-chlorophenyl) ethane
Chromic acid 
and glacial 
acetic acid
The following tables show 'the methods that have been described in 
literature for the preparation of the four compounds mentioned above. In 
Table 4.1, are given the more or less direct syntheses of 4,4’-dichloro- 
benzophenone and in Tables 4.2 to 4.4 are given the methods for the 
preparation of the intermediate compounds, 4,4’-dichlorobenzophenone 
dichloride (Table 4.2), bis-(4-chlorophenyl) methane (Table 4.3) and
1,l-di-(4-chlorophenyl) ethane (Table 4,4). The intermediate compounds 
are converted to the final product as shown above.
In the Tables 4.1 ...4.4, available details have been included under 
the headings temperature (maximum temperature required), time of 
experiment, fc yield, solvent used and general remarks. Where no entry 
is given,the particular detail or details was not recorded in the 
literature.
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On examination of the thirty-five routes to 4,4’-isomers of 
di-(chlorophenyl) compounds, it is apparent that most of these involve 
Friedel-Crafts reactions where chlorobenzene is the substrate. From the 
discussion mentioned in Chapter 2, it is apparent that the reaction 
should be slower than that of benzene itself and that all six isomers 
(2 ,2 ’, 2,3'/ 2,4’, 3 ,3 ’, 3,4’, and 4,4') would be expected in alkylation 
reactions and possibly a majorit}’ of para isomer from acylation reactions.
It is therefore not clear, how and why most of the reactions mentioned in 
Tables 4.1.. 4.4 yield a majority of the 4,4’-isomer of dichlorobenzophenone/ 
dichlorobenzophenone dichloride/di-(chlorophenyl) methane/l,l-di-(chloro- 
phenyl) ethane.
In addition to the methods 17 - 19, 21, 22 and 32 in Tables 4.1 ... 4.4
where the formation of isomers other than the 4,4’-one has been mentioned,
other research workers have also reported the formation of additional
132isomers. Mironov and his coworkers using method 6 obtained a 50:50 
ratio of 2,4’ and 4,4’-dichlorobenzophenone. They were not successful in 
altering the isomer ratio by changing the reaction conditions. They 
determined the isomer distribution by gas-liquid chromatography. The 
same reaction (method 7) was also claimed to give 70 — 80^ 4,4’-dichloro- 
benzophenone in addition to the 2,2' and 2,4’ isomers.
T 1 ,  ^ • 136 ,T ■ • ■ • 138 , , 140Newton and Groggins, Norris and Tweig and Starkov
(methods 10, 11 and 13) mentioned the presence of the 2,4' isomer
. . 143
( 12 - 20 fo ) in addition to the 4,4' isomer. Tarbell and Petroulos
(method 1 6) discovered that initial quenching of the reaction mixture gave
4,4'-dichlorodiphenyl methane, whereas if the reaction was allowed to
proceed to equilibrium, 3,3’ and 3,4' isomers were obtained instead.
144 / \ . .
Kolesnikov and Korshak (method 17) reported the formation of mixed
145dichlorodiphenylmethanes. Tsuge and Tashiro (method 18) analysed 
their reaction products by gas-liquid chromatography but were only able 
report "many kinds of dichlorodiphenylmethane isomers" which could not 
be identified. When nitromethane was used in the same reaction (method 
2,4* and 4,4’-dichlorodiphenylmethane (54:66) were obtained.
156 . . .
Bader and Edmiston reported that the product which Dominion Ta
155and Chemical Co. Ltd. (methods 26 and 27) had claimed to be
1,l-di-(4-chlorophenyl) ethane was an isomer mixture. They further 
modified conditions from which the mixed isomers could be obtained in 
higher yield and l^l-di(4-chlorophenyl) ethane isolated. Tsukervanik 
and Garkovets^^ (method 24) found their product to be a mixture of 
2,4' and 4,4’ isomers by conversion into known compounds.
Apart from these, no one else has mentioned the formation of 
other isomers. The reactions which were carried out with a para 
substitued aromatic compound (e.g. 4-chlorobenzyl chloride) would be 
expected to give three isomers, i.e. 2,4*, 3,^’ and 4,4f, considering 
the non selectivity of Friedel-Crafts reactions if non isomerizing 
conditions prevail in the reaction system. The other reagents, vinyl 
chloride,^ acetylene 1,1-dichloroethane, phosgene, etc. would similarly 
give all six isomers.
Most of the methods mentioned (l - 35) describe the use of 
selective crystallisation to isolate the 4,4! isomer of the 
di(chlorophenyl) compound. All six of the dichlorobenzophenones are 
solids. Of the four known di-(chlorophenyl) methanes, only the 
4,4f-isomer is a solid. Only two 1,l-di-(chlorophenyl) ethanes are
know and the -4,4’-isomer is a solid. It is not clear how the 
4,4'-isomer has been isolated in a substantial yield from a mixture 
of isomers. The impractacability is perhaps the reason why the 
melting points of 4,4'-dichlorobenzophenone reported in the various 
processes (1 - 35) ranges from 139 - 148°C in the different methods 
mentioned in the Tables 4.1 ... 4.4.
In orddr to obtain a clearer picture of the reactions, a 
systematic approach is necessary. Amongst the different methods mentioned, 
most can be eliminated due to the expensive chemicals required, time, low 
yield or inconvenience. Some reactions which seem worthy of re-examination 
are those with phosgene (methods 6 and 7 ), methylene chloride (method 1 7), 
4-chlorobenzyl chloride (methods 18 and 19), acetylene (methods 23 - 2 6),
1,1-dichloroethane (methods 27 and 28) and vinyl chloride, (methods 31 - 3 3)*
CHAPTER 5
REAGENTS AND CATALYSTS USED IN THE PREPARATION OF 
DI (CHLOROPHENYL ) COMPOUNDS
5.1. Reagents
Most of the reagents used in the preparation are dangerous to 
health. The Threshold Limit Values for these are set out in Table 5.1, 
page 3 6.
Chlorobenzene
Chlorobenzene is a colourless flammable liquid with a penetrating 
characteristic odour of almonds. The vapour of chlorobenzene is toxic.
At ordinary temperature and pressure, it is unaffected by the presence 
of air, moisture or light and shows no tendency to split off chlorine. 
When its vapour is passed through a red-hot tube, 4,4,-dichlorodiphenyl 
along with minor amounts of other diphenyl compounds are obtained. 
Chlorobenzene is manufactured by the chlorination of benzene in the 
liquid phase at 30 - 50°C in the presence of ferric 'chloride. Large 
quantities of chlorobenzene are manufactured, mainly for the production 
of phenol, DDT, etc. The price of chlorobenzene reflects its large 
scale production and is about £4.21 for 2.5 litres.
The chlorine atom deactivates the aromatic ring for electrophilic 
substitution. Ortho and para substitution generally occur in alkylations 
with the predominance of the latter. However isomeric mixtures have 
been r e p o r t e d ^  In spite of the reduced reactivity of chlorobenzene, 
various catalysts have been used to obtain high yields of alkylates.
Chlorobenzene has been condensed with ethylene in the presence of 
aluminium chloride^^ or silica - alumina!^ High yields of 
2-propylchlorobenzene and 5-butylchlorobenzene have been obtained over 
an alumina silicate catalyst.
In acylation reactions, substitution occurs predominantly in the
para position, but up to 12$ ortho substituti011 has been reported in
benzoyla tio.n of chlorobenzene. The isomer distributions in the
aluminium chloride acetylation of chlorobenzene and other halobenzenes 
. I65
have been published.
As has been mentioned in Chapter % ', an excess of the substrate 
sometimes serves as solvent. Chlorobenzene likewise has been used as 
solvent in various reactions.
Phosgene
Phosgene (carbonyl chloride, carbon oxychloride) is a highly 
poisonous colourless gas. It is shipped as a liquified gas under 
pressure and/or refrigeration. It is manufactured by the reaction 
between carbon monoxide and chlorine in the presence of activated charcoal 
It is an expensive chemical when bought in small quantity due to the 
hazards of packaging and 1 c. ft. costs £13.51.^^ Phosgene is an 
important and widely used chemical intermediate.
Methylene Chloride.
Methylene chloride (dichlororaethane, methylene dichloride) is a 
colourless liquid which is practically non inflammable and non-explosive. 
It is manufactured by the chlorination of methane or methyl chloride in
the gas phase at temperatures between 350 - 750°C. 2.5 'litres.of
.AnalaR methylene chloride costs £8 .6 6.^^ Methylene chloride is a 
very useful solvent, particularly for low temperature extractions.
4-Chlorobenzyl Chloride
4-Chlorobenzyl chloride '(<U ,4-dichlorotoluene) is a lachrymatory 
liquid and is very corrosive. It is manufactured by the direct side-
1 ^ 7
chain chlorination of 4-chlorotoluene and 250 g costs £5.64.
Vinyl Chloride
Vinyl chloride (chlorethylene, chloroethene) is a colourless, 
highly flammable gas with a pleasant sweet odour in high concentrations.
It is readily liquefied and is shipped in steel cylinders as a liquefied 
gas under its own vapour pressure. When it is stored or transported, 
phenolic or other type of stabilizers are added to prevent polymerization. 
The toxicity of vinyl chloride for man is of ahigh order. Inhalation of 
2 .5$ by volume for three minutes causes dizziness, disorientation etc. 
Inhalation of 7 - 10$ by volume causes narcosis and 12$ or more is 
dangerous. Concentrations above 1000 p.p.m., slowly produce disturbances 
such as drowsiness, blurred vision, staggering gait. It is also a 
dangerous carcinogen and can cause cancer. The working level in U.K. is 
10 p.p.m.
Vinyl chloride is the largest tonnage organo-chlorine compound made 
with the exception of its precursor, 1,2-dichloroethane. It can be 
manufactured from acetylene with hydrogen chloride but is manufactured from 
ethylene in a two stage process via ethylene chloride. 225 g of the gas 
costs £7.44
Practically all the vinyl chloride manufactured is used to make 
poly(vinyl chloride) and vinyl chloride copolymers.
1,1-Dichloroethane
1,1-Dichloroethane (asym -dichloroethane, ethylidene chloride, 
ethylidene dichlocide) is a colourless liquid with the smell and taste 
of chloroform. It is used as an inhalant anaesthetic, but is less 
narcotic and more toxic than chloroform. 1,1-Dichloroethane is 
manufactured by reacting hydrogen chloride with vinyl chloride or
1 ^ 7
acetylene. 1 Kg of l,)l-dichloroethane costs £4.50.
l6s
Threshold Limit Values.
Threshold limit values refer to airborne concentrations of 
substances and.represent conditions under which it is believed that 
nearly all workers may be repeatedly exposed day after day without adverse 
effect. These values refer to time weighted concentrations for a 7 or 
8 hour workday and 40 hour work week. Threshold limits are based on 
the best available information from industrial experience, from 
experimental human and animal studies, and, when possible, from a 
combination of the three. The basis on which the values are established 
may differ from substance to substance; protection against impairment 
of health may be a guiding factor for some, whereas reasonable freedom 
from imitation, narcosis, nuisance or other forms of stress may form 
the basis for others.
TABLE 5.1
Substance p.p.m a
Chlorobenzene 70 350
Phosgene 0.1 0.4
Methylene chloride 500 1,740
Vinyl chloride 200 770
1,1-Dichloroethane 100 400
9 • •- Parts of vapour or gas per million parts of contaminated
air by volume at 25 C and 7^0 mm Hg pressure 
^ - Approximate milligrams of particles per cubic metre of air
5.2. Catalysts 
Aluminium Chloride
Aluminium chloride is the most common of all Friedel-Crafts catalysts.
Anhydrous aluminium chloride is a colourless, crystalline compound 
•with a density of 2.44, whereas the commercial variety varies in colour 
from light fellow or white to green and grey due to impurities. It 
forms deliquescent crystals with an odour of hydrogen chloride and reacts 
vigorously with water and therefore must be kept very dry. It is very 
volatile and sublimes at 133°C with a melting point of 192.6°C which can 
be reached under pressure. Upto 440°C, it exists as a dimer AlgCl^ 
in liquid or gas phase and in the range. 440 - 800°C an equilibrium 
between monomer and dimer exists. At 800 - 1000°C, a monomer exists 
and above this temperature dissociation occurs.
The use of it as a Friedel-Crafts catalyst has been the subject of various
, 169-170excellent monographs.
Aluminium chloride is generally insoluble or only slightly soluble 
in hydrocarbons. It is soluble in most alkyl and acyl halides with 
complex formation and frequently direct reaction. In addition, 
aluminium chloride forms complexes and is soluble in phosgene, carbon 
disulphide and various organic compounds.
Some soluble aluminium chloride solvent complexes are used as 
catalysts and sometimes these addition complexes are chemical compounds 
of specific properties, where the presence of aluminium chloride in 
a coordinated form, effects a different and generally more efficient 
catalyst than the uncomplexed compound. Nitroalkanes are the most 
important solvents.
Aluminium chloride dissolves in its own weight of nitromethane,
nitroethane and the two nitropropanes and the resulting solutions are
171-172
catalysts for alkylations. The active component is AlCl^RN0o.
Alkylations of aromatic and isoparaffins with olefins and with alkyl
chlorides are examples of the effectiveness of aluminium chloride-
nitromethane complex. Aluminium chloride in nitrobenzene is also used 
I73
as a catalyst.
Titanium -Tetrachloride:-
Titanium tetrachloride is a colourless liquid with a freezing point
of -23°C and boiling point 136.4°C. It is an effective catalyst in
27 X7 X7^ ^7
Friedel-Crafts alkylations, acylations, ’ and polymerizations,
but it is generally less reactive than aluminium chloride.
Antimony Pentachloride
Antimony pentachloride is a liquid with a freezing point of +4°C and
a boiling point of 140°C with dissociation. It is an efficient catalyst 
for Friedel-Crafts alkylations, acylations, polymerization and 
halogenations. 1 8 0  ^  a p0werfui halogenating agent, side
reactions may occur.
Ferric Chloride:
Ferric chloride is a red deliquescent solid which melts and 
sublimes at 300°C. It is soluble in a variety of solvents and forms 
complexes similar to those of aluminium chloride, such as FeCl-CH-.NO,-..
r i i 2
181
Its catalytic activity was first described by Friedel and Crafts.
Being a milder catalyst than aluminium chloride, it can be used in
reactions where aluminium chloride is too drastic and causes decomposition
182
and side reactions. The use of ferric chloride has been found to
result in lower yields than those obtained when aluminium chloride was 
1
the catalyst . It does not catalyze the alkylation of benzene with
184
ethylene at moderate temperatures but is an active catalyst in. 
alkylation with alkyl halides and more reactive olefins.
S.tsnnic Chloride:
Stannic chloride is a liquid of freezing point -36.2°C and boiling
point il4.1°C. It is a well known Friedel-Crafts catalyst, and is used in
185
alkylations and acylations which do not require vigorous conditions 
■a * i +• 186-187and for polymerizations.
Zinc Chloride:
Zinc chloride is a white solid of melting point 283°C and boiling 
point 732°C. It is a widely used mild catalyst. Its use is advantageous
in reactions where halides or alcohols react selectively with olefins.
Zinc chloride is used in alkylations, polymerizations^^ and 
190lsomenzations.
Organometallic Compounds;
As the aim of the project is to obtain a maximum of the 4,4,-isomer,
the use of arenemetal tricarbonyl catalysts may be examined. They have
been used widely since 1973 by Farana and his coworkers, and have been
found to give exclusive para substitution in tosylation, acetylations and 
1Q1
alkylations. They are active homogeneous catalysts and have the
advantage over aluminium chloride in ease of handling, storage and
recoverability of the catalyst. At the start, molybdenum,was the 
192metal, but in 1975, chromium and tungsten were found to be equally
193 •efficient. Polymerizations and dehydrohalogenations were also carried
194
outlater. Tricarbonylchlorobenzene complex was also used.
The latest development in the metal carbonyl catalysts is the use 
of heterogeneous polystyrenetricarbonyl which like its homogeneous
195counterpart catalyzes Friedel-Crafts reactions. It shows decreased
activity with respect to the homogeneous system, but its selectivity 
towards para substitution is high and can be reused without loss in 
activity.
CHAPTER 6
SELECTIVE 4,4’-SUBSTITUTION IN DIPHENYL COMPOUNDS
Some research workers have reported the formation of 4,4* isomers 
in preference to other isomers in the preparation of diphenyl compounds. 
A short account of their methods is given below.
4,4!-Dichlorodiphenylsulphones were prepared by reacting
196chlorobenzene and concentrated sulphuric acid. It was claimed that
the ratio of the 4,4*;2,4’:3,4' isomers was 83.3:6.5:3.3. Patents
were filed to claim that when chlorobenzene was treated with thionyl
chloride, sulphur trioxide and ferric chloride, 4 ,4 ,-dichlorodiphenyl-
197—8
sulphone was obtained. It was suggested that highly pure
A ^ ’-dihydroxydiphenylsulphone can be prepared by reacting phenol with 
sulphuric acid in a solvent and gradually, removing the latter.
In addition to the methods for the selective preparations of the 
4,4’-isomer of diphenyl compounds, there are methods in the literature 
for isolating it from its isomers. The 4,4’-substituted benzophenones 
were freed from 2,4’ and 2,2* isomers by sulphonation of the 
contaminants. The product from the reaction of chlorobenzene, phosgene 
and aluminium chloride which is 70 - 80$ of 4 ,4 '-dichlorobenzophenone
was treated with sulphuric acid, heated and washed with alkali to remove 
sulphonated 2,4' and 2 ,2 f-isomers. 4,4’-Dichlorobenzophenone is not
sulphonated and had a melting point of i38°C.^^^
4,4f-Dichlorodiphenyl sulphone was separated from its 2,4’ and 
3,4*-isomer by treatment with tri or tetrachloroethylene. The
corresponding dihydroxy compound was isolated from its mixtures by
adding a solvent comprising of 1,2-dichlorobenzene and phenol
201followed by immediate filtration. 2 ,2’ and 2 ,4 ’-diaminodiphenylmethane
have been selectively extracted from an isomer mixture by a multistage
202
extractor arrangement. Crystallisation of the isomer mixture with
benzil from octane was.also carried out to obtain 4,4,-diamino-
203 . . . .
diphenylmethane. Treatment of the- isomers of diaminodiphenylmethane
with phenol, with carefully controlled heating and cooling has been 
found effective to cause crystallization of the 4,4’-diaminodiphenyl­
methane- jlhenol complex.
A patent was filed to claim that when mixtures of isomeric 
diaminodiphenylmethanes were converted to their solid hydrochloric 
acid salts, treated with a mixture of free isomeric amines in 
chlorobenzene, refluxed and cooled, 99$ of the 4,4,-isomer was 
obtained.
It was claimed that 4,4,-ditolylsulphone can be separated from the
2,4’-isomer by recrystallisation from aliphatic carboxylic acids or
20 6
their mixtures with water, benzene or tetrahydrofuran.
CHAPTER 7
AIM OF THE PROJECT
The aim of the project was to investigate the synthesis of 
4,4,-dichlorobenzophenone directly or indirectly via the bis-(4-chloro- 
phenyl) methane or 1,l-di-(chlorophenyl) ethane by the cheapest possible 
method on a laboratory scale in ways such that the feasibility of 
operating these processes on an industrial scale could be evaluated. In
choosing the most suitable method, the convenience of the method, the 
overall yield and the percentage of the 4,4’-isomer had to be carefully 
considered as well as the ease or difficulty of purification of the 
required isomer from the reaction product.
It is evident from the processes described in Chapter 4, that there 
are numerous routes to 4,4'-dichlorobenzophenone. However, most of the 
synthetic routes have two major drawbacks.
1. Most of the research workers did not have any of the standard 
compounds with which to compare the properties of their reaction 
products. This is essential for a complete •. investigation
The identification technique used by the research workers in the
methods .(1-35, Chapter 4) involved conversion to the benzophenone 
and recrystallisation of the 4,4,-iso:mer, the melting point of 
which varied from 139 - 148°C.
2. Many workers did not really attempt to analyse the reaction 
products for the isomer distribution by the available techniques. 
Of course some of the earlier work was carried out in :the 
beginning of this century, when sophisticated analytical techniqu 
were unavailable, but even the research workers of the last 
decade have not attempted proper analyses.
As pointed out in Chapter 4, most of the reactions would be 
expected to give six isomers of dichlorobenzophenouo, di-(chlorophenyl) 
methane or 1,l-di-(chlorophenyl) ethane. The six possible isomers are 
shown in Figure 7.1*
-Cl 4,4'
Cl
Figure 7.1
3,4!
2,4'
3,3'
2,3
2,2'
Where X is -CO-, “CH^- or -CH(CH^) for the dichlorobenzophenone, 
di-(chlorophenyl) methane or 1,l-di-(chlorophenyl) ethane respectively,
The latter two series of compounds can be prepared by unambiguous 
methods starting from the corresponding benzophenone according to the 
following reaction scheme.
A
Reduction
CO
Grignard addition*
OH CH.
Elimination
Hydrogenation
XI
■CH
CH.
(*not for ,2 ,2 *-dichlorobenzophenone).
Therefore starting from the six separate isomers of dichloro-
ben/ophenpne, all six isomers of the di-(chlorophenyl) methanes and
1,l-di-(chlorophenyl) ethanes can be obtained. The preparation of all
207six isomeric dichlorobenzophenones have been reported, but very 
little experimental details o? these methods have been mentioned. It 
thus appears that the preparation of the six isomeric dichlorobenzo­
phenones may not be straightforward. Moreover, the analyses of the 
dichlorobenzophenones have been restricted to microanalyses and 
melting/boiling point determinations only. It thus seems that there
is still a considerable amount of research necessary to cover the 
preparation and analyses of the isomeric dichlorobenzophenones.
Once the six isomeric dichlorobenzophenones have been prepared, they
can be individually reduced to the corresponding di-(chlorophenyl)
methane (see scheme page 44 ). Various reduction methods of ^ ^ ’-dichloro-
benzophenone to the di-(chlorophenyl) methane have been mentioned,
together with methods for reducing 3,4* and 2,4* and 2,2T-dichloro-
benzophenone. ^  The 1,l-di(chlorophenyl) ethanes must be
prepared from the corresponding benzophenones by a three-stage process
involving a Grignard addition to give a tertiary alcohol, followed by
elimination to the ethylene and then reduction of the latter to the
213
ethane. Cheng and Cheng have reported the direct formation of the
olefin from the Grignard reaction for the preparation of l-(2-chloro-
phenyl)-l-(4-chlorophenyl) ethylene and 1,l-di-(2-chlorophenyl)
ethylene. Other isomers may likewise be expected to give the
ethylene directly. The preparation of the 4,4’ and 3,3* isomers of
1341,l-di-(chlorophenyl) ethylenes have been reported by Grummitt 
. 214
and Yamadi respectively. The reduction of the 2,4’ and 4,4' isomers
of 1,l-di(chlorophenyl) ethylenes. to the corresponding ethanes have been
213 154
carried out by Cheng and Cheng and Grummitt respectively, but all
the other isomers of 1 ,l-di-(chlorophenyl) ethanes have not been prepared
before..
It therefore appears that the preparation of the six separate isomers 
of the three series of standard compounds (scheme on page 44 ) would 
involve the preparation of a number of new compounds together with the 
complete series of the six isomers of 1,l-di-(chlorophenyl) ethylenes. 
Fortunately the preparation of one or more isomers of each of the three
series (methane, ethylene and ethane) have been reported. The same 
methods can be attempted, first to examine whether the reported methods 
are applicable to all the six isomers or not. Failing the successful 
preparation of all the isomers by the reported routes, other general 
methods of reduction of ketones (to the methanes) variable conditions 
in the Grignard reaction of the ketones (to the carbinols or ethylanes) 
and hydrogenation of the ethylenes (to the ethanes) have to be examined. 
However in order to confirm whether the methods apply to all six isomers 
or not, at least two methods of analyses of the reaction products of the 
reduction, Grignard, elimination and hydrogenation reactions are 
essential.
Moreover, methods of analyses of the reaction products en route to 
k,k1-dichlorobenzophenone (described in the following section) are also 
essential. The reaction products would presumably consist of one to 
six isomers of dichlorobenzophenone, di-(chlorophenyl) methane and
1.1-di-(chlorophenyl) ethane. The methods that have been used to 
determine the isomer ratios of isomers of these three series and
similar compounds are gas-liquid chromatography, infra-red and mass
. 213
spectral analyses. Preliminary/work at I.C.I. Plastics Division,
found that ^H n.m.r. analyses was a very rapid and convenient method
for analyses of mixtures of isomeric di-(chlorophenyl) methanes and
1.1-di-(chlorophenyl) ethanes. The ratio of the integrals of the
singlets in the former and the quartets in the latter provided an
estimate of the ratio of the isomers. The identification of the six
isomeisby ^H n.m.r. spectroscopy will have to be examined carefully after
preparation of the standard compounds. In addition to ^H n.m.r., the use 
13of C n.m.r. for analyses of isomer mixtures needs examination. The 
pattern of aromatic carbons of the six isomers can be expected to be
different in the C n.i.r, spectrum. This could provide a 
qualitative measure of the isomers present.
It now appears that after the successful preparation of each of 
the six isomers of the dichlorobenzophenones, di-(chlorophenyl) methanes 
and 1,l-di-(chlorophenyl) ethanes, the possibility of identification and 
quantitative estimation (in a mixture of all the six isomers) of each
will have to be examined by gas-liquid chromatography, mass spectra,
1 13
infra red spectra, H n.m.r. and C n.m.r. spectra.
In addition to examining methods for estimating the isomer ratio, 
it would also be necessary to examine the possibility of separation 
of the isomers in a mixture by fractional distillation or by the methods 
described in Chapter 6.
Routes to 4,4’-dichlorobenzophenone to be examined:
For the purpose of this project, very few of the thirty-five
processes can be examined. The reactions with phosgene, 4-chlorobenzyl
chloride, methylene chloride, acetylene, vinyl chloride and 1,1-dichloro-
ethane were selected. All but 4-chlorobenzyl chloride are readily
1^5
available industrially. Tsuge and Tashiro have reported "many kinds 
of isomers" in the reaction between 4-chlorobenzyl chloride and 
chlorobenzene, so it would be interesting to find which isomers were 
actually obtained in the reaction after the successful preparation of the 
six 'separate-isomers, of di-(chlocophenyl) methanes. The reactions to be 
investigated are shown in the scheme on the 'page- 49. . ,
Since there appears to be a sufficient amount of work in the 
literature about the reaction between acetylene and chlorobenzene
(references 149 - 152), this reaction was not carried out due to the 
dangers involved in its handling, but the reported results will be 
compared with the ones obtained in other reactions in this project and 
various comparisons made later on.
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CHAPTER 8
PREPARATION OF STANDARD COMPOUNDS
8,1. Dichlorobenzophenones
The reaction scheme in Figure 7.1 shows that dichlorobenzophenones 
are required not only as standard compounds but as starting materials 
for the correspondong di-(chlorophenyl) methanes and l,J-di-(chlorophenyl) 
ethanes. Each of the six isomers had to be prepared by reactions which 
would give at least 20 g of product.
As shown in Chapter 4 (Table 4.1), the most convenient routes to
4,4’ dichlorobenzophenones involve Friedel-Crafts reactions. These
reactions would theoretically be expected to give more than one isomer.
In choosing a method for the preparation of the 4,4’-isomer, from the ten
methods, one from which the required isomer could be isolated from the
apparent isomer mixture in the product would have to be selected.
215
I.C.I. have found that a method based on the one suggested by 
130Montague (Table 4.1, Method 4) starting from 4-chlorobenzoyl chloride
gave only the 4,4' isomer after a few recrystallisations. This method
was followed but the yield was not very good (53fo) due to the rather
messy and time consuming procedure of decomposing the complex ^-ClC^H^)^-
C0 -^AlCl„ with water and hydrochloric acid and dissolving the ketone in
ether. The purity of the product isolated after three recrystallisations
was confirmed by gas liquid chromatography and examination of its mass
13 •spectrum, infra-red spectrum and above all its c n»rn«1’. spectrum, which 
confirmed that only the 4,4’-isomer of dichlorobenzophenone is present 
in the product isolated.
3,4'-Dichlorobenzophenone has been prepared by the degradation of
207
DDT by Haller and his coworkers and via a Grignard reaction by
I43
Tarbell and Petropoulus. However an analogous method to the one 
used for the 4,4’-isomer was used with 3-chlorobenzoyl chloride, but 
the yield was not very high (64$). 2,4*-Dichlorobenzophenone was
I'TO
prepared from 2-chlorobenzoyl chloride by Norris and Tweig, It was
also prepared here from 2-chlorobenzoyl chloride but the procedure for 
4,4* and 3>4^dichlorobenzophenones were followed. The scale was 
reduced to one-half due to the rather tedious work up procedure* A 
very high yield (88^) of 2,4’-dichlorobenzophenone was obtained.
2,3’ and 3,3,-Dichlorobenzophenones were prepared by Grignard 
reactions; there was no problem of the formation of undesired isomers 
as shown in the reaction scheme below (for 2,3’-dichlorobenzophenone).
MgBr
N-MgBr
HC1,H20
\/
CO
HC1,H20
(similarly for 3»3*-dichlorobenzophenone with 3-chlorobenzonitrile).
A
No details for the preparation of these two compounds had been given 
2o7
by Haller et al, so the reactions were carried out like a typical 
Grignard reaction. Problems were encountered on dissolving the complex 
’A* during the preparation of 2,3f-dichlorobenzophenone. It did not 
decompose in 6n hydrochloric acid, so * another - method for dissolving
ketimine hydrochloride complexes was sought. Callen and his 
216
coworkers decomposed a complex of 9-acetylphenanthrene by 
refluxing with hydrochloric acid for 6 - 8 h. This procedure 
was found to be unsuccessful. It was eventually decomposed by 
vigorously heating small portions of the solid with hydrochloric 
acid. A low yield of the ketone was obtained due to the rather 
complicated work up procedure.
207Two routes to 2,2’-dichlorobenzophenone have been reported, 
a four step one and a two step one. No disadvantages of the latter 
were mentioned, therefore attempts were made to prepare the ketone by 
the two step method as follows:
Cl .Cl Cl Cl
CHO + MgBr ■>
CrO^HgSO^ 
^     -
CH^COOH
H 0-MgB
h c i ,h 2o
Bis-2-(chorophenyl) carbinol was isolated in the first stage in 
4 7 yield (reported yield 46^). In the second step nothing like a 
reported quantitative yield was obtained after oxidation. Details of 
the oxidation were not reported and the large quantity of tar formed was 
possibly due to the excess of sulphuric acid used. The 2 g of 2,2,-dichloro* 
benzophenone eventually isolated was only sufficient for analytical 
studies and not for reduction to the 2,2’-di(chlorophenyl) methane or 
for the Grignard reaction to 1,l-di(2-chlorophenyl) ethylene.
8.2. Di(chiorophenyl) methanes:
The most convenient method for the preparation of the six 
isomeric di-(chlorophenyl) methanes is perhaps the reduction of 
the corresponding dichlorobenzophenones (except of course
2.2,-dichlorobenzophenone for which an alternative procedure was 
required). In the reduction reactions, there is no possibility of 
obtaining unwanted isomers as shown in the following reaction for 
the preparation of 4,4’-di(chlorophenyl) methane:
The problem in preparing the isomeric di(chlorophenyl) methanes 
is reduced to finding suitable reducing agents. The reducing agents 
which have been used for converting 4,4', 3,4’ and 2,4’-dichloro­
benzophenones to the corresponding methanes are hydroiodic acid, red 
phosphorus and acetic acid, zinc and hydrochloric acid,
209, 212and mixtures of lithuim aluminium hydride and aluminium chloride.
212The latter reducing agents were used and pure products were obtained.
When the same reduction procedure was attempted for the reduction 
of 2,3, and 3,3!-dichlorobenzophenones, another metiiyl group (£=2.3 p.p.m. 
was seen on the n.m.r. in addition to the expected product. By gas 
liquid chromatography it was found that the byproduct was one third 
of the amount of the 1,l-di-(chlorophenyl) methanes. Its identity
could not be confirmed, but as the amount of the required product
- i 13
necessary for all analyses (mass spectra, H n.m.r., C n.m.r. and
i.r. spectra) could conveniently be collected by high pressure liquid 
chromatography there was no need to investigate the mechanism of
reduction of these ketones. In any case, to do so would require 
the preparation of more 2,3’ and 3,3’-dichlorobenzophenone,
(starting material).
As mentioned previously, there was not sufficient 2,2’-
dichlorobenzophenone for carrying out a similar reduction, so it was
decided to utilize the remaining bis-(2-chlorophenyl) carbinol. A
method for its reduction to bis-(2-chlorophenyl) methane with
211
hydroiodic .acid and acetic acid had been reported by Zutzi.
He obtained a liquid product in 76$ yield and it was therefore
rather surprising to find that the major product appeared to be a
yellow solid, together with some adhering liquid. The solid was
first isolated by filtration and purified by recrystallisation.
Analyses were carried out by high resolution mass spectrometry in 
1 13
addition to H n.m.r. and C n.m.r. and indicated that the solid
217was ^-ClC^H^^CkQCOCH^. Zutzi had carried out this reduction on 
fifty times the scale used here and it is surprising he did not 
mention the formation of a byproduct. The yellow liquid which was 
obtained after filtering the solid acetate was found to be the 
expected bis-(2-chlorophenyl) methane. After distillation only 
0.9 g of the product was isolated.
Since there was a substantial amount of bis-(2-chlorophenyl) 
carbinol left after the hydroidic acid reduction attempts were made
to examine its reduction by standard methods, i.e. lithiun aluminium
212 217 hydride/aluminium chloride - and sodium borohydride, but without
success. Fortunately the 0.9 g of bis-(2-chlorophenyl) methane
isolated from the reduction with hydroiodic acid and acetic acid was
just sufficient for necessary analyses, therefore other reduction
procedures were not examined.
8.3. 1,l-Di-(chlorophenyl) ethylenes
The standard methods for the preparation of the title compounds 
are by Grignard reactions on the isomerically pure dichloro­
benzophenones. There is no problem here of obtaining undesired 
isomers as shown for l-(2-chlorophenyl)-l-(4-chlorophenyl) ethylene 
below;
CH-I, Mg 
Cl y
CH3 OMgl
y  HC1,H20
Cl
c
I
CH
C1 4
h20
•(not isolated)
This is the reported method for the above compound by Cheng and
213 . 154Cheng. Grummitt and his coworkers and Yamada and his
214coworkers have described the preparation of 1 ,l-di-(4-chlorophenyl)
ethylene and l,l-di-(3-chlorophenyl) ethylene respectively by
similar procedures but via the carbinol which is dehydrated to the
olefin in a separate step. Fortunately, the reported preparation of
2131,l-di(2-chlorophenyl) ethylene starts from 2-chlorophenylmagnesium 
bromide and ethyl acetate and not from the corresponding dichloro- 
benzophenona which had not been isolated in sufficient quantity.
The reaction scheme is as follows;
CH3 OH CH3 OMgBr
(not isolated)
M, "H20
c
CH,
2
When the preparation of the 1,l-di-(4-chlorophenyl) ethylenes was
carried oat, it was found that contrary to what Grummitt and his 
154coworkers had found for 1,l~di-(4-chlorophenyl) ethylene the carbinol was 
not isolated but the olefin was obtained directly after the Grignard 
reaction. Surprisingly, during the preparations of l-(2-chlorophenyl)-l- 
(4-chlorophenyl) ethylene and 1,i-di(2-chlorophenyl) ethylene the 
corresponding carbinols were isolated after the Grignard reaction
213
instead^uf the olefin which was obtained directly by Cheng and Cheng.
1,l-Di-(3-chlorophenyl) ethylene was prepared via the carbinol as
214
reported by Yamada and his coworkers.
8.4. 1,l-Di-(chlorophenyl) ethanes
The title compounds are obtained by the reduction of isomerically 
pure 1,l-di-(chlorophenyl) ethylenes. As the reaction only occurs at the 
olefinic carbon atoms, there is no problem of obtaining undesired isomers.
The reaction is shown below for the hydrogenation of 1,l-di-(4-chloro-
phenyl) ethylene.
h 9, PtOQ 
Cl — —
Attempts were made to reduce 1,l-di-(4-chlorophenyl) ethane to the
218
corresponding ethane by Forrest and his coworkers with zinc and
hydrochloric acid, hut without success. It was eventua1ly prepared
by them from 4,4’-DDT• The reduction procedure recommended by 
154
Grummitt was attempted here first, failing which more vigorous
■213conditions and a stronger catalyst as used by Cheng and Cheng for 
l-(2-chlorophenyl)-l-(4-chlorophenyl) ethane were used. The hydrogenation 
conditions for 1 ,l-di(2-chlorophenyl) ethane * and l-(3-chlorophenyl)-l- 
(4-chlorophenyl) ethane were probably too severe because additional 
peaks on the chromatogram and n.m.r. spectrum were seen. The 
microanalyses indicate that the impurities are not as high as they seem 
on the chromatogram, so it is probable that hydrogenolysis of the ring 
chlorine atoms occurred. In gas-liquid chromatography, the presence of 
chlorine atoms reduces the intensity of the peaks, hence the peaks of the 
dechlorinated compounds would appear larger than the amounts actually 
present. However attempts were not made to repeat the reactions with 
less vigorous conditions, because it was found that the products were 
suitable for analyses, i.e. the chemical shifts of the quartet and 
singlet in the n.m.r. spectrum, the retention times of the major peaks and 
the mass spectra could easily be obtained from the not-so-pure compounds.
8.5. New Compounds
All six isomeric dichlorobenzophenones, di-(chlorophenyl) methanes 
and 1 ,l-di-(chlorophenyl) ethanes as well as the six isomers of
1,l-di-(chlorophenyl) ethylenes were successfully prepared.
The preparation of 2,3’ and 3,3' di-(chlorophenyl) methanes have 
not been mentioned in the literature. Their microanalyses (Table 12.2) 
and mass spectra (Table 13.1) confirm their empirical formulae. The mass 
spectra and n.m.r. spectra (Table 13.5) of these compounds confirmed 
their structure. Of the six, 1,l-di-(chlorophenyl) ethanes,
2,2*, 2,3*, 3,3’ and 2,4* isomers were not mentioned in the literature. 
Their microanalyses (Table 12.4) and mass spectra (Table 13.1) confirmed 
their empirical formulae and n.m.r. spectra (Table 13.7) and mass 
spectra confirmed their structure. Amongst the six 1,l-di-(chlorophenyl) 
ethylenes, the 2,3’ and 3,4’ are new compounds. Their microanalyses 
(Table 12.3) and mass spectra (Table 13.1) confirm their empirical 
formula and whereas .^ H n.m.r. spectra (Table 13.6) and mass spectra 
confirm their structure.
(The Chemical Abstracts formula index was searched until 1977 
and for 1978 titles of individual chemical abstracts were examined 
as indices were not available).
CHAPTER 9
STUDIES OF ISOMERIC Dl(CHLOROPHENYL) COMPOUNDS 
BY SPECTROSCOPY AND CHROMATOGRAPHY
9.1. Infra-red Spectroscopy
152
This technique was used by Hoffenberg and his coworkers to
calculate the isomer ratio of some substitued 1,1-diarylethanes, and
148
by Blackwell and Hickmbottom to calculate the isomer ratio of
132(chlorophenyl)-(iodophenyl) methanes. Mironov and his coworkers 
prepared a number of tetramethylbenzophenones and determined their 
isomer ratiosby infra-red spectroscopy. However, in the present work, 
an examination of the infra-red spectra of the six isomeric dichloro­
benzophenones, di(chlorophenyl) methanes and 1,l-di(chlorophenyl) ethanes 
indicated that infra-red spectroscopy was not an efficient method for 
determining isomer distribution of any of the three series of 
di(chlorophenyl) compounds.
9.2. Mass Spectroscopy.
. . 219 
McKinney and his coworkers studied the mass spectra of a number
of chlorinated hydrocarbon pesticide metabolites which included 
4,4’-dichlorobenzophenone and bis(4-chlorophenyl) methane. The former 
falls in the group of oxidative metabolites where the base peak at 
m/e = 139 corresponds to the 4-ClC^H^CO* fragment and this agrees with 
the present results obtained with all the six isomeric dichlorobenzo­
phenones. (Table 13.1 ) Bis-(4-chlorophenyl) methane belongs to the
- . 219 
saturated metabolites, but it is reported to be the only exception
in this group as it does not have the characteristic m/e = 235 peak.
219
McKinney et al found m/e = 201 was the base peak (M-Cl) which
agrees with the results obtained here. In the present work the mass
spectra of the six isomeric 1,l-di-(chlorophenyl) ethanes showed a
base peak at m/e = 235 (Table 13.1) which would be expected from
McKinney's work, since they are also saturated metabolites. McKinney 
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and his coworkers compared the mass spectra of 2,4' and 4,4'-DDT 
and found a very close qualitative resemblance of the two. They 
noticed quantitative differences in the spectra as a result of the
tendency of the 2,4'-isomer to loose a chlorine atom due to’the. steric
effect.
The mass spectra of the six isomers of the dichlorobenzophenones, 
di-(chlorophenyl) methanes and 1,l-di-(chlorophenyl) ethanes were 
carefully examined, but it was very difficult to find significant 
differences in their fragmentation pattern which would help to 
distinguish the six isomers and calculate the isomer ratio.
9.3. N.m.r. spectroscopy.
Dichlorobenzophenones:
The aromatic protons of the six isomers were examined, but it 
was obvious that n.m.r. analyses could not be used to distinguish 
between them.
Di-(chlorophenyl) methanes:
The chemical shifts of the aliphatic protons are in Table 13.5.
An examination of the values indicates that it would be impossible to
distinguish between the 2,3' and 2,4' isomers and 3,3', 3,4' and 4,4'
220 • • - isomers. Keith and his coworkers determined the isomeric composition
of Technical DDT (2,4' and 4,4’ isomers) successfully by the 
electronic integration of the portion of the spectrum containing 
the benzylic protons. A known mixture of the six isomeric 
di(chlorophenyl) methanes was run on the n.m.r. and as expected 
three peaks were seen. From the ratio of the integrals of the methylene 
protons it was possible to calculate the ratio of the 2 ,2 ':
(2,3! + 2,4*): (3,3* + 3,4’ + 4,4') isomers of di-(chlorophenyl) 
methanes with reasonable accuracy (- 5fo) • The ratio of certain 
isomer mixtures can be determined by n.m.r. but not all six. It 
is therefore essential to find a method by which all six isomers can 
be distinguished and the isomer ratios calculated in a complete 
mixture.
1,l-Di-(chlorophenyl) ethanes.
The chemical shifts of the methine and methyl protons of the six 
isomers are set out in Table 13.7. As for the di-(chlorophenyl) 
methanes, the chemical shift values of the 2,3’ and 2,4’ isomers and 
the 3,3’, 3,4’ and 4,4* isomers were very close and it appeared that 
it would be impossible to distinguish these in a mixture. A '^ H n.m.r. 
spectrum of a known mixture was run and as expected three quartets and 
one doublet were seen. The ratio of the integrals of the quartets 
gave the ratio of 2,2,:2,3I + 2,4*:3,3’ + 3,4* + 4 , 4 ’ isomers present 
in the mixture to within about - 5fo,
221 1
Sharpless and Bradley studied the H n.m.r. spectra of the
aliphatic protons of a number of DDT-like compounds, i.e. with 
variations in the ethane portion of the molecule. They found that 
for compounds of the type ClC^H^CH^HClg^^H^Cl- ^ 1 , the chemical shifts
of the oL proton, (cCto the phenyl group) is unaffected by the change 
from para to meta position £ 4.53 (4,4'), and 4.52 (3,4' ) but 
moving this chlorine to the ortho position gives a large downfield 
shift £5.18 (2,4')^. They also found the position of the proton 
was less affected £6.27 (4,4'), 6.30 (3,4’) and 6.37 (2,4* ) ^--
The chemical shifts of the six isomeric 1,l-di-(chlorophenyl)
ethanes measured here follow a very similar trend to that observed
221
by Sharpless and Bradley. There was no significant difference
in the chemical shift of the meta and para isomers which led to the
2,3' and 2,4' and 3,3', 3,4' and 4,4' having very similar chemical
shifts as the two sets above differ in meta and para isomers only.
The effect of moving a chlorine atom to the ortho position has a
profound effect on the chemical shifts of the 1 ,l-di-(chlorophenyl)
ethanes, the difference between the values for the 2 ,2 ' and 2 ,3 '
isomers being 0.33 p.p.m. and for the 2,4' and 3,3’ isomers being
0.53 p.p.m. Lastly, the methyl protons chemical shifts observed here
were between 1.5 7.. 1 .5 8 p.p.m. for the six isomers of 1,l-di-(chloro-
221
phenyl) ethanes which coincides with what Sharpless and Bradley
had observed for the $ protons. When the spectrum of a mixture of the
six isomers was examined, only one methyl doublet was observed.
On re-examination of the chemical shifts of the methylene protons
of di-(chlorophenyl) methanes in the light of the work of Sharpless 
221
and Bradley, it is apparent that in this series too the chemical 
shift is unaffected by the change of chlorine from para to meta but 
moving the chlorine to the ortho position, causes a large downfield 
shift. Thus the difference between the chemical shift values for 
2,4' and 3,4' isomers is 0.14 p.p.m. and 3,4' and 4,4' is 0.0032 p.p.m.
1,l-Di-(chlorophenyl) ethylenes.
The chemical shifts of aliphatic protons of the 1,l-di-(chlorophenyl) 
ethylenes are in Table 13.6, page 149. It was interesting to find that 
the spectra of l-(2-chlorophenyl)-l-(4-chlorophenyl) and l-(2-chloro- 
phenyl)-l-(3-chlorophenyl) ethylenes showed two olefinic hydrogens 
of nearly equal intensity. The chemical shifts are in the following 
table.
TABLE 9.1.
CHEMICAL SHIFTS OF OLEFINIC PROTONS
Compounds £
l-(2-Chlorophenyl)-l-(4-chlorophenyl) ethylene 5.7914 5.2873
l-(2-Chlorophenyl)-l-(3-chlorophenyl) ethylene 5.8044 5.3134
l-(3-Clilorophenyl)-l-(4-chlorophenyl) ethylene 5.4451
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This phenomena was observed by Rabinovitz and his coworkers 
during their studies on the ^H n.m.r. spectra of some 1 ,1-diarylethy- 
lenes with identical and with unequal aryls. They found that whilsi: 
singlets were observed in the ^H n.m.r. spectra of the former, 
multiplets were usually observed for the latter type. It is apparent 
that when two substituents in 1,1-diarylethylenes are dissimilar, 
two olefinic hydrogens appear. Likewise it would be expected that two 
olefinic hydrogens would be observed in the ^H n.m.r. spectrum of 
l-(3-ch!orophenyl)-l--(4-chlorophenyl) ethylene. But this is not so, 
as a singlet £ = 5.445/ was seen. At first it was thought that 
resolution was insufficient and that the singlet was actually a
doublet comprising two very close singlets, so the spectrum was 
expanded. No splitting was observed and it was concluded that the 
dissimilar ,chlorines are too far distant from one another to exert 
any influence.
The n.m.r. spectrum of l-(2-chlorophenyl)-l-(4-chlorophenyl) 
ethylene was run at 130°, l6o° and 190° but there was no change in the 
positions of the singlets, as shown on PaSe 150. .
The chemical shifts of the olefinic protons of some 1,l-di-(substituted
phenyl) ethylenes were compared to the values for unsubstituted
214
1.1-diphenyl ethylenes by Yamada and his coworkers. l,l-Di-(3- 
chlorophenyl) ethylene and 1,l-di-(4-chlorophenyl) ethylene were 
amongst the compounds studied. / \ £ / h z  values are quoted and the 
chemical shifts were measured at 6o MHz in a dilute solution in carbon 
tetrachloride solution. The difference in chemical shifts of 1,1-di- 
(3-chlorophenyl) ethylene and 1,l-di-(4-chlorophenyl) ethylene are 
given in the following table. These results have been compared to the 
chemical shifts obtained in the present work on a 90 MHz instrument 
where dilute solutions in deuterochloroform were used. The 
instrumental error of the instrument here is - 0 .0 1 p.p.m.
TABLE 9.2.
CHEMICAL SHIFTS OF OLEFINIC PROTONS
Compound A  £ 3 A  f, b
1.1-Di-(3-chlorophenyl) ethylene 0 .0 0 0 .0 0
1.1-Di-(4-chlorophenyl) ethylene 0.08 0.05
a - Ref. 214 
b - This work
, 214
The difference between Yamadas results and those obtained 
here is ^ 0 .0 2 p.p.m. and could arise from the solvent effect.
It is apparent that n.mvr. spectra technique cannot be used
to determine the isomer ratio of dichlorobenzophenones or di-(chloro-
phenyl) methanes or 1,l-di-(chlorophenyl) ethanes and not even to
distinguish between the isomers qualitatively. However, the application
of n.m.r. spectroscopy in this research project cannot be ignored.
The reactions that have to be investigated in finding routes to
4,4l-dichlorobenzophenone (Chapter 7) are all Friedel-Crafts reactions
and the extent of the reaction has to be followed by hydrogen chloride
evolution. It would be unwise to have only one method to follow a
reaction, as there may be side reactions which may cause acid
evolution. Another method to be used in conjunction with hydrogen
chloride evolution is essential. n.m.r. spectroscopy would be an
extremely useful technique to follow most of these Friedel-Crafts
reactions as one analyses only takes 2.5 min. The alkylating agents
used to prepare di-(chlorophenyl) compounds en route to 4,4’-dichloro-
benzophenones were 4-chlorobenzyl chloride, methylene chloride, vinyl
chloride and 1,1-dichloroethane, all of which have distinct.aliphatic
peaks and this would make it possible to follow the reaction by
removing 'samples ( ^ 0 .5  ml) by a syringe and running the n.m.r.
spectrum. However it would not be easy to follow the reaction between
phosgene and chlorobenzophenone to prepare dichlorobenzophenones by 
1TTH n.m.r.
9.4. Gas-liquid chromatography
This was found to be an extremely useful technique not only for
the identification of the six isomers of the dichlorobenzophenones, 
di(chlorophenyl) methanes and 1,l-di-(chlorophenyl) ethanes, but 
also to calculate the ratio of the isomers in a mixture of upto all 
six isomers (see Chapter 13.2). The identity of each compound was 
checked by adding an adequate portion of a particular isomer to a 
sample (removed from the reaction vessel or the reaction product) 
and examining the chromatogram, before and after the addition and 
assigning the peak which increased in intensity after the addition 
to the isomer added. On the following page, the chromatogram of the 
product of 1 6.2 .3 . and with added 1,l-di-(chlorophenyl) ethane is 
shown.
The quantitative estimation of isomer ratio was moip complicated. 
First the relative peak responses of the six isomers of the dichloro­
benzophenones, di(chlorophenyl) methanes and 1,l-di-(chlorophenyl) 
ethanes which had been prepared as discussed in the previous chapter, 
were measured. (All of these separate samples were chromatographically 
pure except the 1,l-di(2-chlorophenyl) ethane and l-(3-chlorophenyl)-l 
(4-chlorophenyl) ethane). This was accomplished by taking mixtures of 
the six pure isomers of dichlorobenzophenones and comparing the amount 
present to the product of peak height and width at half peak height. 
The relative peak responses were found to be equal for the six isomers 
The same was repeated for the isomeric di-(chlorophenyl)wethanes and 
the peak responses of these six isomers were also equal. In the case 
of the 1,l-di-(chlorophenyl) ethanes only four pure isomers were 
available. The relative peak response for these four were equal and 
it was assumed that it was equal for all six isomers because, it had 
been found to be equal for the.six isomeric dichlorobenzophenones and 
di-(chlorophenyl) methanes.
Figure 9.1
Chromatogram of 16.2.3 reaction product (a ) and with added
1,l-di-(3-chlorophenyl) ethane (b)
6 0 60
- 5 0 50
4 0 40
-30
'l'ime
A B
1 ,l-Di-(chlorophenyl) ethanes
a - 2,2 * 
b - 2,3’ 
c - 2,4’ 
d - 3,3' 
e - 3,4' 
f - 4,4'
As mentioned in Chapter 8 , page 57 , additional peaks were 
observed in the chromatograms of 1,l-di-(£chlorophenyl) iethane and 
l-(3-chlorophenyl)-l-(4-chlorophenyl) ethane. It is possible that the
1 .1-di-(2-chlorophenyl) ethane and l-(3-chlorophenyl)-^l-(4-chlorophenyl) 
ethane do not have as much impurities as appears from the chromatogram 
as the extra peaks could correspond to the dechlorinated compounds.
The chlorine atom (or atoms) may have been removed from the
1.1-di-(chlorophenyl) ethane due to the vigorous conditions in the 
high pressure hydrogenation. In gas-liquid chromatography the 
presence of chlorine atoms reduces the size of the peaks, it would 
therefore appear that if the peaks correspond. ; to the impurities 
with less than two chlorine atoms, their size would be over-emphasized.
The six isomeric dichlorobenzophenones were separated on a 2^jc 
carbowax on chromosorb at 180°C. The same column was reasonably 
efficient for the separation of the di(chlorophenyl) methanes but at 
150°C. The conditions were very good for the separation of the 
2,4’, 3,4’ and 4,4' isomers of di(chlorophenyl) methanes. (The last 
two .were not separated in the n.m.r. spectrum). These are the 
expected products in the reaction between 4-chlorobenzyl chloride and 
chlorobenzene. All six isomers of di-(chlorophenyl) methane were 
expected in the reaction between methylene chloride and chlorobenzene 
and the column and conditions were adequate for the circumstances.
When the retention times and relative peak responses of the three 
series studied: dichlorobenzophenones, di-(chlorophenyl) methanes and
1.1-di-(chlorophenyl) ethanes were compared the following features were 
evident. ,
1. Relative peak responses for the various isomers of these 
compounds are the same in a particular series (except the 
two mentioned on page 6 8 ).
2. Retention time invariably increases in the following 
sequence, 2,2f <2,3* <2,4* ■ < 3,3* <3,4' <  4,4*.
These two observations will be extremely useful if the isomer 
ratio has to be calculated for similar series (say halogen substituted) 
when the standard compounds are .’.unavailable, as the above can be 
assumed to apply to the relative peak responses and retention times of 
other isomers.
9.5. Conclusions
Infra-red spectroscopy and mass spectrometry are not suitable 
techniques for identifying the six isomers of dichlorobenzophenones, 
di-(chlorophenyl) methanes or l,*l-di-(chlorophenyl) ethanes. n.m.r. 
spectroscopy cannot be used to distinguish between the meta and para 
isomers. Gas liquid chromatography can be applied not only to 
distinguish between the six isomers, but also to determine ratios in 
a mixture.
The ideal method to analyse the reaction products and samples 
removed during a reaction would be a combination of n.m.r. 
spectroscopy and gas liquid chromatography. The value of the isomer 
ratios calculated by the latter technique can, therefore, be verified 
by n.m.r. spectroscopy which is very rapid.
CHAPTER 10
POSSIBLE ROUTES TO 4,4'-DICHLOROBENZOPHENONE
10.1. Introduction
The reaction scheme in Chapter 7, figure 7.2, presents seven 
routes to 4,4'-dichlorohenzophenone, two of which are direct (i and II) 
and five indirect, i.e. via the corresponding di(chlorophenyl) methane 
(ill and TV) and 1,l-di-(chlorophenyl) ethane (v, VI and VIl). In 
spite of the fact that there has been considerable research on these 
reactions by various workers (Chapter 4, Tables 4.1 .. 4.4), their 
work is not complete enough for rigorous conclusions to be drawn about 
the composition of the product, mainly because of the lack of the six 
standard isomers (see Chapters 7 and 8 ) and the lack of suitable 
procedures for their separation and identification (see Chapters 7 
and 9). After the successful preparation of the six possible isomers 
of dichlorobenzophenone, di(chlorophenyl) methane, 1, l-di-(chlorophenyl) 
ethane (Chapter 8 ) and their subsequent separation and characterization 
(Chapter 9), the actual routes to 4,4*-dichlorobenzophenone can now be 
investigated. Thus each of the methods (1 - 7, page 49), have to be 
examined under variable conditions with the aim of obtaining a majority 
of the 4,4*-isomer.
Of the seven routes to be examined to 4,4'-dichlorobenzophenone,
route II from 4-chlorobenzoyl chloride has been examined in detail in the 
127-130literature, and was used in . the present work to obtain
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4,4' dichlorobenzophenone as a standard compound ; the C n.m.r.
spectrum indicated that it was lOOfo of the 4,4'-isomer.
AlCl-
■ ■ 4-ClC6H4C0Cl + C6H5C1 n  4-ClC6H4-C0-C6H4Cl-V + HC1
(Chlorobenzene was used in excess and served as a solvent).
The results of this reaction will be compared to results obtained from 
the other six reactions in the survey of costs at the end of this chapter.
The reaction between acetylene and chlorobenzene to give
/ \ . 149-1521.1-di-(chlorophenyl) ethanes has been studied by several workers.
A i d -
C2H2 + *:6h,ci  $  C1W H(CH,)C6H,C1
Route V
. 149
The condensation was first carried out by Cook and Chambers in 1921,
by heating a mixture of chlorobenzene (200 g), aluminium chloride 
(50 g) and an unspecified amount of acetylene; 25 g of 1,l-di-(chlorophenyl) 
ethane was obtained together with some tar. It was found that an 
increase in the amount of aluminium chloride led to a lower yield of
1.1-di-(chlorophenyl) ethanes and more tar. The product was distilled 
at 300 - 36o°C and was presumed to be 1,l-di-(4-chlorophenyl) ethane.
They oxidised a • small portion of it to dichlorobenzophenone and 
recrystallised it to constant melting point (146°C for 4,4l-dichlorobenzo- 
phenone).
150About thirty years later, Tsukervanik and Garkovets studied the
. 154
same reaction. By this time, Grummitt and his coworkers had
synthesized 1,l-di-(4-chlorophenyl) ethane by an unambiguous route.
■ ' ' 150 .
Tsukervanik and Garkovets found the best results were obtained if 
acetylene was passed into a mixture of aluminium chloride and 
chlorobenzene for two hours at 80°C with 0 .0 8 mole of the catalyst 
per mole of acetylene and a litre of chlorobenzene per 0 .5  mole of 
acetylene. The yield of l,l-di~(chlorophenyl) ethanes was lljo of the 
theoretical value. Low boiling products were found to be 2- and 
4-chlorostyrene and 2- and 4-ethylchlorobenzenes. 1 Tsukervanik and
150Garkovets chlorinated the 1,l-di-(chlorophenyl) ethanes with
phosphorus pentachloride in order to obtain the isomer ratio. It
was suggested that the 2,4’ and 4,4’ isomers of 1,l-di-(chlorophenyl)
ethanes were present in equal amounts, but it was noticed that the
amount of the 2 ,4'-isomer was unusually great when compared to the other work
in the literature.
151A few years later, it was claimed in a patent that better 
results were obtained if hydrogen chloride and acetylene were passed into 
chlorobenzene, and the aluminium chloride added in increments during the 
reaction. The acetylene should be between 15 - 45$ of the stoichiometric 
quantity for the reaction to av^id side reactions. The yield was 
around 70% based on chlorobenzene and consisted of l,l-bis-(chlorophenyl) 
ethanes, but isomer ratios are not given.
152
Hoffenberg and his coworkers prepared 1,l-di-(chlorophenyl) 
ethanes en route to ring substituted styrenes. They followed the 
Reichert-Niewland reaction for preparing diarylethanes wherein 
Chlorobenzene was condensed with acetylene in the presence of a 
Lewis acid at 70 - 80°C. A 69fc yield of 1, l-di-(chlorophenyl) ethanes 
was reported, but isomer ratios are not mentioned.
It thus seems that amongst the four methods for preparing 1,1-di- 
(4-chlorophenyl) ethane from acetylene and chlorobenzene, only
150Tsukervanik and Garkovets have attempted to calculate isomer ratios.
Their results will therefore be compared to the results of the other 
six routes at the end of this chapter.
10.2. Dichlorobenzophenones from phosgene.
Aid,
coci2 + 2c6h5ci — • ■■>  cic6h4coc6h4ci + 2 HCl
Route I 
133 .
In 1952, Merkel claimed 70 - 80$ of 4,4'-dichlorobenzophenone 
from the above reaction. He even managed to remove the 2,2' and 2,4’ 
isomers by sulphonation with oleum or chlorosulphonic acid.
Unfortunately the 4,4'-dichlorobenzophenone isolated had a melting 
point of 138°C (Reported melting point is 146°c). It is therefore 
evident that the sulfonation was not very effective. (See Chapter 6 ).
I32 .
Mironov and his coworkers synthesized a number of diaryl ketones 
for the production of heat-resistant polymers. They obtained 
4,4'-dichlorobenzophenone in 80 - 90$ yield from the reaction between 
chlorobenzene, phosgene and aluminium chloride in the ratio.4:1:1.5 «
It was found that 4,4'- and 2,4'-dichlorobenzophenones were formed in 
approximately equal amounts, and the variations in the reaction conditions 
did not affect the isomer composition. The 4,4'-dichlorobenzophenone was 
isolated (m.p. 148°c) by a single recrystallisation. The isomer
distribution was determined by infra-red spectroscopy and gas-liquid 
chromatography. The spectra and chromatograms of isomers of other
ketones studied have been reproduced, but not those of dichlorobenzo-
^  . '
phenone.
132
In this work the procedure used by Mironov and his coworkers 
was followed (see Chapter 14). The products were analysed by gas-liquid 
chromatography (see Chapter 9). Due to the vigorous evolution of 
hydrogen chloride on heating the flask slightly, samples could not be 
removed during the reaction for analyses. The results are compared to
the results from the other two sets of workers in ,!able 1 0.1 .
TABLE 10.1 
ISOMER RATIOS OF DICHLOROBENZOPHENONES
Reference Isomer ratio ^
2 ,2 ’ 2,3' 2,4’ 3,3' 3,4’ 4,4’
Merkel 9 ref. 133 70-80
Mironov et al. ref. 132 50 50
This work (chapter 14) 1.8 >1 38.9 >1 17.7 42.6
a - Isomer ratios of isomers other than 4,4’-dichlorobenzophenone 
were not mentioned.
It is evident from the table that the isomer ratios obtained from 
the three studies on the phosgene/chlorobenzene reaction are very 
different. This shows how utterly misleading results can be obtained 
if analyses are not carried out in a systematic way, i.e. after the 
preparation of all six of the standard isomers. The chromatogram 
on the following page clearly shows four peaks representing four 
isomers, the identity of each being confirmed separately (see Chapter 9).
It„was rather interesting to observe that whilst the results
133claimed in the German patent agree with the mechanism suggested by 
79Boeseken Chapter 2.2, i.e. more para-substitution, the results obtained 
132
by Mironov and in this work agree with the suggestion made by Olah 
and his coworkers that the ortho:para ratio does not wholly depend on 
steric effects.
Figure 10.1
Time
Chromatogram of product from the reaction 
with phosgene (chapter 14)
40
d 9 ;tt
r
Dichlorobenzophenones
a - 2 ,2 * 
b - 2,4' 
c - 3,4' 
d - 4,4'
10.3. Di-(chlorophenyl)-methanes from 4-chlorobenzyl chloride.
catalyst
4-ClC6H4CH2Cl + C6H5C1 —  ----- > 4-ClC^CH, Cl + HCl
Route III
The reaction between 4-chlorobenzyl chloride and chlorobenzene
215
was examined in a preliminary way at I.C.I. with aluminium chloride 
as a catalyst. Their procedure was followed, and the reaction was 
carried out with or without nitrocompounds with various available 
catalysts (Chapter 5). The results in Table 15.^, indicate that the 
isomer distribution varies from 54 - 62$ for 4,4'-isomer, > 1 - 2 $ '  for 
3,4'-isomer and 37 - 46$ for 2,4'-isomer of di-(chlorophenyl) methane. 
This excludes experiment 15*1*2. where only aluminium chloride was used 
as catalyst. It is evident that the isomer ratio is within the above 
range irrespective of the catalyst used, addition of nitrocompounds 
variation in methods of addition or amount of chlorobenzene.
145
Tsuge and Tashiro studied competitive benzylations of benzene 
and chlorobenzene with 4-chlorobenzyl chloride. Aluminium chloride in 
nitromethane was used as a catalyst and di-(chlorophenyl) methanes were 
obtained. Table 10.2 shows the isomer ratios of di-(chlorophenyl) 
methanes obtained by Tsuge and Tashiro and those obtained in the 
present work with aluminium chloride and nitromethane as catalyst.
TABLE 10.2
ISOMER RATIOS OF Dl(CHLOROPHENYL) METHANES
Reference Isomer ratio $
2,4' 3,4' 4,4'
Tsuge and Tashiro (ref. 145) 33.3 6 6 .7
This work 41.5 1.2 57.3
145Tsuge and Tashiro calculated the isomer ratios by gas liquid
chromatography by comparing the retention times to those of standard
compounds. The isomer ratios of di-(chlorophenyl) methanes obtained
in this work seem to be in reasonable agreement with those obtained
145by Tsuge and Tashiro.
The results of the present work are also comparable to related work
224-226carried out by Olah and his coworkers in their competitive
benzyla tion of benzene andI toluene with benzyl halides and by Koike:
and Okawa223 in the benzylation of chlorobenzene. Results are shown in
Table 10.3.
TABLE 10.3
ISOMER RATIOS OF DIPHENYL COMPOUNDS
Ref. Catalyst Diphenyl Compound Isomer ratio fo
2___ 3 • * *.. 4...
223 aici3 •; . Cl-DPM 57 32 11
224 AlCl_,CIL_N02 CII--DPM 43.5 4.5 52.0
224 FeCl_,CH_N0o
3 3 ^
C1U-DPM 44.5 3.7 5 1 .8
225 AlCU c h3-dpm 18.0 58.0 24.0
225 aici3,ch3no2 ch3-dpm 42.4 6 .2 51.4
225 T i d 4 ch3-dpm 41.0 4.5 54.5
226 'TiCl4 4-C1C/-H, CH0C^ -H, CH„ o 4 2 o 4 3 40.1 5.0 54.9
225 SbC 1
■ 5 ■
CH3-DPM 42.9 6 .1 51.0
225 SbCl_,CII_N0o 5 3 2
CH3-DPM 41.6 5.7 52.7
225 FeCl_■ 3 : . CH--DPM3
41.0 5.7 53.3
225 FeCl„,CH-N0o D 3 2 CIU-DPM 41.8 6 .1
5 2 .1
Cl-DPM - ClC6II4CH2C6H_ 
ch3-dpm - ch3c6hJich2c6h5
Most of these isomer ratios were calculated by gas-liquid 
chromatography.
The results obtained by the different workers on related reactions
seem to agree very well with those obtained from the reactions carried out
here between 4-chlorobenzyl chloride and chlorobenzene. (The reaction
with aluminium chloride as catalyst without nitromethane will be
discussed later). The major difference is probably in the amounts of
meta-isomer (3-substitution) which are greater than the amount obtained
in this work. This may be because the reactions carried out by Olah 
224-226
and his coworkers involve benzene and toluene which are more
reactive and consequently less selective than chlorobenzene. The
reaction systems vary from partially heterogeneous(reactions without
nitrocompounds) to strictly homogeneous (where nitrocompounds have been
225added) yet, the isomer distributions do not vary significantly. Olah 
pointed out that this was because isomerization in Friedel-Crafts 
benzylation reactions is usually not caused by a lack of a strictly 
homogeneous nature of the solutions, and is mainly a function of the 
nature of the benzylating agent and the catalyst used.
Apart from examining the reaction between 4-chlorobenzyl chloride and 
chlorobenzene with different catalysts, the effect of using an excess of 
chlorobenzene (expt. 1 5.1 .11) and a change in the method of addition of
reactants was examined. These did not affect the isomer distributions.
' . 225When Olah and his coworkers carried out the competitive benzylation of
benzene and toluenewith benzyl and substituted benzyl halides, they
examined the factors which influence intramolecular selectivity (isomer
distribution). They found that in reactions where aluminium chloride and
nitromethane was used as a catalyst, the following factors had no 
effect on the positional selectivity.
1) Time of the reaction.
2) Ratio of aluminium chloride-nitromethane to benzyl chloride.
3) Nitromethane concentration.
4) Benzyl chloride concentration relative to aromatics. r
5) Variation of halogen in AlX^-CH^NOg and C^H^-CH^X
Since the results obtained in the reactions here between 
4-chlorobenzyl chloride and chlorobenzene with various catalysts were
225
very similar to those obtained by Olah in his competitive benzylation, 
these variations (1 - 5) were not examined.
The benzylation reactions with aluminium chloride as a catalyst
always gave a substantial amount of meta-isomer (Table 10.3). Tsuge and 
145Tashiro carried out competitive reactions of benzene and chlorobenzene 
with benzyl- and 4-chlorobenzyl-chloride and found that when aluminium 
chloride was used by.itself as a catalyst,’many kinds of di-(chlorophenyl)
i
methane isomers were formed, which they were unable to identify as they 
had only prepared the 2,4* and 4,4’ standard isomers. Since all the six 
isomers of'di-(chlorophenyl) methane had been successfully prepared and 
identified in the present work the isomer distribution of the product of 
the 4-chlorobenzylation of chlorobenzene could be determined. The 
chromatogram is on page 158. It is evident that the conditions used in the 
chromatographic separation are not ideal, but as the product contains 
only 21^ > of bis-(4-chlorophenyl) methane, it was not found necessary to 
establish another, ‘set of chromatographic conditions for the separation.
Aluminium chloride is an effective catalyst for the intramolecular 
isomerization of methyldiphenylmethanes. It would therefore be 
expected to cause intramolecular isomerization of di(chlorophenyl) 
methanes as shown below for bis(4-chlorophenyl) methane to (3-chlorophenyl)- 
(4-chlorophenyl) methane.
Cl CH,
intramolecular isomerization
CH.
Cl
In experiment 15.1.10, M o ( C O w a s  used as a catalyst but there 
was no significant change in the isomer distribution as only 54^ of the 
4 ,4 '-isomer of di-(chlorophenyl) methane was obtained and not exclusive 
para substitution as obtained by Farona and his group*'^ (Chapter 5).
10.4. Di-(chlorophenyl) methanes from methylene chloride
A1C1,
CI10C10 + 2CrII_Cl —  - >  ClC/H, CH0CaH. Cl + 2HC1
2 2 b 5 W  x -rrr 5 4 2 5 4Route IV
The above reaction was examined in a preliminary way at I.C.I. 215
with aluminium chloride as a catalyst. The isomer ratios of the product 
were calculated from the integral in the n.m.r. spectrum. When this 
reaction was repeated in this work on one-tenth of the scale they used, 
it did not work, but it did on half the scale. Samples removed from the 
reaction flask and the reaction product were examined by n.m.r. and 
g.I.e. The chromatogram as pointed out before was not a good one due to 
the inefficient separation of the six isomers, but as only ^  10^ of the 
bis-(4-chlorophenyl) methane (Table 15.8) was obtained by the method, 
better chromatographic separation was not looked into. The separation •
of the six isomers by fractional distillation was not successful due 
to the close range of boiling points of the six isomers (330-355°C/760mmo)
Among all the catalysts used in the reaction, only aluminium chloride 
was effective (Table 15.9 ) Even the reaction with aluminium chloride and 
nitromethane as catalyst did not work, which indicated that the latter 
reduced the catalytic activity of aluminium chloride. Olah^ pointed out 
that the weak Friedel-Craf ts catalysts such as ZnCl^ and BCl'-j do not 
effect alkylations with methylene chloride even though these catalysts are 
useful in chlorobethylations. It is evident now that even catalysts 
whose activity is just below that of AlCl^ in the series AlCl^> SbCl^> 
FeCl^> TiCl£> SnCl^> TiCl^ (order of catalytic activity among metal 
halides in alkylations) are inefficient. It is apparent that the 
reaction below does not take place, because if it had* the carbocation
TiClZi + CH2Cl2 TiCl" + fl^Cl
formed would have instantaneously reacted with chlorobenzene to give 
Cl-C^H^CH^Cl. The chlorobenzyl chloride formed would react rapidly to 
give di(chlorophenyl) methane as described in section 10.3. The Friedel- 
Crafts reaction of aromatic compounds with dihaloalkanes proceeds not only 
with the substitution of both chlorine atoms, but also by the subsequent 
reaction of the initial product and polynuclear compounds are formed.
The polycondensation of methylene chloride and chlorobenzene was studied 
by Kolesnikov and his cowork e r s a n d 52.5^ poly(methylene(chlorophenyl) ) 
of molecular weight 1920 was obtained in addition to 12^ of bis(chlorophenyl) 
methane. The formation of polymeric products occurs as follows:
+ CTLXl2 2
,CH.
+ 2HC1
CH„C1 + 0
ch2ci2
ch2 \ / ch2ci
etc.
The methyl chloride can react with more chlorobenzene to give low 
boiling methyl compounds which were seen on the n.m.r. spectrum of 
the reactions carried out here. The residue after distillation of the 
reaction products therefore consist of poly(methylene(chlorophenyl)).
The reactions between benzene and methylene chloride gave analogous
, ■ . ' 227-228 products.
The bis-(chlorophenyl) methane obtained by K)lesnikov and his
0 /
coworkers had a b.p. of 139 - 1^2 C/k mm. They could not identify 
the bis-isomers present even after oxidation to dichlorobenzophenone as 
the melting point of the oxidation product was 100 - 101.5°C. This 
does not correspond to the melting point of any of the isomeric 
dichlorobenzophenones. They concluded that the product was a mixture 
of two or more bis(chlorophenyl) methane isomers, which were difficult 
to separate by crystallization. It was interesting to observe that
O J
these workers were one of few sets who experienced any difficulty in 
the separation of the isomers by crystallization. From the results 
of the reaction carried out between methylene chloride and 
chlorobenzene, it is apparent that not only the bis-isomers but the 
other unsymmetric ones such as 2,3', 2,4’ and 3,4’ isomers of 
di(chlorophenyl) methane were also produced.
10.5. 1,1-Di(chlorophenyl) ethanes from vinyl chloride
Aid,
CHn = CHCl + 2 Crllj-Cl ---
2 6 5 Route VI
The reaction between vinyl chloride and chlorobenzene in the 
presence of aluminium chloride has been studied by several workers.
Patents have been filed by two groups to claim a majority of 1,1-di-
1  r n  I  p r o
(4-chlorophenyl) ethane, ’ and bis-(chlorophenyl) ethane by
124 187
another group. The procedure used in the British patent was
215 1
followed at I.C.I. and the H n.m.r. spectrum of the product (and 
samples removed during the reaction) showed 3 quartets signifying a 
number of isomers. The results of the reactions carried out here with 
phosgene and methylene chloride show that when the acylating/a Ikylating 
agent does not contain a 4-substituted phenyl group upto six isomers 
are obtained. Likewise, a reaction between vinyl chloride and 
chlorobenzene would be expected to give upto six isomers.
As vinyl chloride is a very cheap industrial chemical, its reactions 
with chlorobenzene Were reinvestigated with various catalysts, different 
methods of addition of the reactants, and at various temperatures (see 
16.1.3 . . 1 6.1 .10). The reaction with aluminium chloride at 30 - 5°C 
worked and it was possible to analyse all the major products and also the low
ClC6H4CH(CH,)C6H4Cl + 2HC1
boiling side products (they later were found to be isomeric ethyl- 
chlorobenzenes). As expected, the di(chlorophenyl) ethanes consisted 
of five isomers. The bis-(3-chlorophenyl) ethane was not detected.
The reaction was repeated in order to check the reproducibility of the 
results. However, only 31 - 35^ of I, l-di-(4-chl'orophenyl') ethane was 
formed. When the reaction was carried out at a lower temperature 
(0 —  10°C) 34^ of 1,1-di-(4-chlorophenyl) ethane was obtained. Even 
the addition of the catalyst first did not change the isomer 
distribution to a significant extent. In the reactions with catalysts 
(Table 16.6) other than aluminium chloride, no l,l-di-(chlorophenyl) 
ethanes were formed. As mentioned in Chapter 5» ferric chloride does 
not catalyse alkylations of benzene with ethylene, so it was not 
surprising to observe that it also did not catalyse alkylations of 
chlorobenzene with vinyl chloride. Hydrogen chloride was evolved in 
some of the reactions (Table 16.6) but the reason for this was not clear.
In the reactions between vinyl chloride or methylene chloride and 
chlorobenzene only aluminium chloride was effective as a catalyst. It 
was therefore decided that in future, instead of carrying out reactions 
with all the available catalysts, only aluminium chloride and one other 
catalyst would be used.
The ^H n.m.r. spectra of samples removed during the reaction showed 
an additional doublet slightly downfield to the doublet of the 
di(chlorophenyl) ethanes. This doublet disappeared when the sample was 
left standing and the size of the doublet of di(chlorophenyl) ethanes 
increased. This indicated that the unidentified doublet belonged to an 
intermediate of the reaction. Considering the mechanism of the reaction, 
(which will be dealt with in detail in the following chapter) 1,1-dichloro- 
ethane and l-chloro-l-(chlorophenyl) ethane are the two possible
intermediates in the reaction between vinyl chloride and chlorobenzene. 
These two were separately added to the product of a reaction. A third 
doublet in between the unidentified one and that of 1,l-di(chlorophenyl) 
ethane was seen, on addition of l-chloro-l-(4-chlorophenyl) ethane. When
1,1-dichloroethane was added, the doublet increased in size which 
confirmed the fact that it was the compound.
The residue from the distillation of the isomeric di(chlorophenyl) 
ethanes consists of dichloro-,9 ,10-dimethyldihydroanthracene which is 
formed as shown below:
H^ CH.
+ 2 HCl
CH.
:hci
C1CH
Cl
Formation of dimethyldihydroanthracenes from the reactions between
vinyl chloride and benzene in the presence of aluminium chloride has 
229-234 .been reported. The main product was unsym-diphenylethane and
234
some ethylbenzenes and styrene. Malinovskii pointed out the possibility
of the production of styrene from these sorts of reactions but his
actual experiments were without success. The reaction between toluene
and vinyl chloride in the presence of aluminium chloride was studied
233
by Tsukervanik and Yuldashev. Their products consisted of 1,1-ditolyl-
ethane (isomers not mentioned) in addition to 4-ethyltoluene and 
2,6,9,lO-tetramethylanthracene. They also studied the effect of the 
amounts of vinyl chloride and catalyst and temperature on the product 
yield.
1 0.6 . 1,1 -Di(chlorophenyl) ethanes from 1,1-dichloroethane
AlCl,
Cll^ CIIClg + 2 C^HgCl — — ■ ■ ■ -> cic6H^CH(CH-)C6H4Cl '+ 2IIC1
Route VII
The reaction between 1,1-dichloroethane and chlorobenzene was
153-4 . 153 .
studied by two sets of workers. Dieter and Theigs claimed
the product obtained at 40 - 50°C consisted of 70^ 1,l-di-(4-chlorophenyl)
ethane and 30^ of l-(2-chlorophenyl)-l-(4-chlorophenyl) ethane.
154 .Grummitt and his coworkers reported the presence of 1,1-di-
(4-chlorophenyl) ethane in the product of a reaction carried out at
0 - 10°C. In the present work two separate reactions were carried out,
i.e. at 40 - 5 0 and 0 - 10°C^^^ (see 16.2 .1 and .2 ) and all six
isomers were obtained (see Table 16.7) in both reactions and the
percentage of 1,l-di(4-chlorophenyl) ethane was 33 and 21^ respectively.
In these two reactions, 1,1-dichloroethane was added to the chlorobenzene
and aluminium chloride. As the maximum amount of the 4,4’ isomer was
33^, other alternative methods of addition were examined. The alkylation
of benzene with polyhalides including 1,1-dichloroethane was carried out
236
by Schmerling and his coworkers. The 1,1-dichloroethane was introduced
as a solution in benzene and an analogous reaction was carried out with 
chlorobenzene (see 16.2.3.). Unfortunately the change in the method of 
addition of the 1,1-dichloroethane did not change the ratio of
1,1-di(chlorophenyl) ethane, as 34^ was still obtained. In this 
reaction the ratio of chlorobenzene to 1,1-dichloroethane was 1:5 .6 . 
Another reaction was carried out with the ratio 5.6:1 (see 16.2.4) in 
order to examine whether l-chloro-l-(chlorophenyl) ethane would be the 
only product formed or not in the absence of sufficient chlorobenzene. 
However, only diphenyl compounds formed which indicated that the 
intermediate reacted instantaneously as it was not seen on the^H n.m.r.
spectrum. No reaction in presence of titanium tetrachloride took
place (see 1 6.2 .5 .) and unconverted 1,1-dichlorethane was seen on
the n.m.r. spectrum. It was interesting to observe that in the
three reactions of 1,1-dichloroethane and chlorobenzene with
aluminium chloride different isomer ratios were obtained (Table l6 ;Y),
(Experiment 16.2.4. with excess 1,1-dichloroethane is not considered).
even though the ratio of 1,l-di-(4-chlorophenyl) ethane was over
36fo. The dark tarry residue remaining after distillation of the
1,1-dichloro 9 ,10-dimethyldihydroanthracene as in the reaction from
• 237vinyl chloride. Anschutz and Romig pointed out that the anthracene 
obtained from the reaction between oC -chloroethylbenzene and aluminium 
chloride was the same as that obtained from the reaction of 1,1-dichloro­
ethane with benzene and aluminium chloride. They explained this by 
assuming that 1,1-dichloroethane first decomposed to give vinyl 
chloride which on reaction with benzene gave 06 -chloroethylbenzene.
10.7. Conclusions
After the examination of the seven possible routes to 4,4'- 
dichlorobenzophenone, it is now essential to compare the relative 
convenience of the processes, the ratio of 4,4’-isomer and the cost 
for the production of a certain amount (say 1 Kg)of 4,4’-dichlorobenzo- 
phenone.
First the conversion of the di-(chlorophenyl) methanes and
1yl-di-(chlorophenyl) ethane to dichlorobenzophenones by oxidation
must be considered. Di-(chlorophenyl) methanes have been oxidised to
143
the corresponding dichlorobenzophenone with selenium oxide and 
glacial acetic acid and chromic acid^^^. 1,l-Di-(clilorophenyl) ethanes
were oxidised to the corresponding dichlorobenzophenone with chromic
149 218
acid by itself, or with glacial acid or chromic anhydride and
i - i  . • • 150glacial acetic acid.
As all six isomers of di-(chlorophenyl) compounds were obtained
in alkylations with methylene chloride (route IV), vinyl chloride
(route VI) and 1,1-dichloroethane (route VIl), it is very likely
that analogous reactions with acetylene would definitely give more
isomers than the 2,4* and 4,4' isomers of l,l-di(chlorophenyl) ethanes
. 150in a 50:50 ratio as reported by Tsukervanik and Garkovets. Due
to the dangers involved in the handling of acetylene this reaction could 
not be reexamined in a more systematic way, i.e. after the preparation 
of the six standard isomers. It therefore has to be assumed that 
50^ of 1,l-di-(4-chlorophenyl) ethane was obtained in the reaction.
The maximum percentages of the 4,4' isomer obtained/isolated 
by routes I ... VII are set out in the Table 10.4.
TABLE 10.4.
PERCENTAGE 4,4' ISOMER
Route Di(chlorophenyl) compound ^
I 4,4'-Dichlorobenzophenone 43
0
II 4,4'-Dichlorobenzophenone 100
III Di-(4-chlorophenyl) methane 62
IV Di-(4-chlorophenyl) methane 11
V 1,l-Di-(4-chlorophenyl) ethane 50
VI 1,l-Di-(4-chlorophenyl) ethane 3^
VII 1,l-Di-(4-chlorophenyl) ethane 36
a isolated by recrystallisation
Table 10.5 gives a survey of the costs for the preparation of 
4,4'-dichlorobenzophenone in the laboratory by the seven routes.
(Chapter 7, fig. 7*2). The costs via III ... VII include cost of 
oxidation of di-(chlorophenyl) methane and 1 ,l-di-(chlorophenyl) 
ethane to dichlorobenzophenone. The prices of the chemicals and 
catalysts for the reactions and oxidations are those quoted in 
Chapter 5, and from current chemical catalogues. Total $ refers 
to the percentage of di-(chlorophenyl) compounds obtained after the 
removal of unreacted chlorobenzene and low boiling products and the 
high boiling polymeric compounds. The yield is based on the alkylating/ 
acylating agent used in the reaction.
TABLE 10.5.
Route Total jo *fo 4,4'-isomer Cost/Kilo Remarks
4,4' DBP3
I 85 43 £45.2 Inconvenient
II 53 100 £21.3^ . Very convenient
III 72 62 £43.0 Convenient
IV 41 11 £99 - 9 Convenient
V 77 50 £52.1 Inconvenient
VI 40 34 £108.2 Most inconvenient
VII 43 36 £45.3 Convenient
a = DBP Dichlorobenzophenone
b = Includes cost of crystallising out the 4,4'-isomer.
The convenience/inconvenience of the reactions refer to the handling
of the various reagents and the inconvenient term refers to the handling
of hazardous gases. It is apparent that on a laboratory scale, route III
i.e. via 4-chlorobenzoyl chloride, the price for preparing one kilogram
is the lowest, and it is very fortunate that 4,4’-dichlorobenzophenone
13
was prepared (isomerically pure by C n.m.r.) by this method.
One a much larger scale when the cost per kilo is calculated from
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current industrial prices * (price per ton) of the starting materials, 
then route III is not the cheapest any more, as shown in Table 10.6.
Table 10.6 c 
COST/KILO 4,4'-DICHLOROBENZOPHENONE
Route Laboratory Prices (Table 10.5) Industrial Prices
I £45.2 £3.8
II £21.3 £5.4a
III £43.0 £5.1b
IV £99.9 £13.0
V £52.1 £7.1b
VI £108.2 £3.8b
VII £45.3 £4.8b
a - includes the cost of crystallising out the 4,4'-isomer 
b - includes the cost of oxidising the product to dichlorobenzophenone
It is noteworthy that in Tables 10.5 and 10.6, it has been assumed 
that the 4,4’-isomer can be isolated. The results in Table 10.6 indicate 
that the cheapest routes to 4,4'-dichlorobenzophenone when industrial 
prices^^’^ ^  are considered are via phosgene (route i) and vinyl 
chloride (route Vl)« Even though both of these processes involve
hazardous gases, the reaction with phosgene is preferable due to 
the following reasons.
1. Phosgene when used in industry is manufactured in situ as
transportation is dangerous and would be cheaper than £450 per 
232
ton , the price used when constructing Table 10.6.
2. In reactions with vinyl chloride it has to be condensed with 
solid carbon dioxide and methylated spirit whereas phosgene is 
simply passed into chlorobenzene (the solvent).
3. The reactions with phosgene and vinyl chloride are exothermic, but 
the former requires slight initial heating whereas the latter 
requires continuous ice cooling.
4. Of the 85$ mixed dichlorobenzophenones obtained with phosgene, 43$ 
was the 4,4' isomer, i.e., 36$ of the product was the 4,4'-isomer.
On the other hand 40$ mixed 1,l-di-(chlorophenyl) ethanes were 
isolated when vinyl chloride was used and 34$ was the 4,4* isomer 
i.e. only 14$ was the 4,4’-isomer.
5. An extra oxidation step is required when vinyl chloride is used and
in industry it would mean extra manual power, equipment, plant space etc.
It can finally be concluded on the basis of the previous reported work
(Chapter 4), the present experimental work, the prices of chemicals, the
yields and the isomer ratios, that the cheapest and most convenient process
in the laboratory is as follows:
A'lCl,
4-ClC/;H, COCl + C/-H..C1  4-ClC^H.COC^H.Cl + HCl6 4 6 5 __ 6 4 6 4Route II .
The reaction is oyer in an hour, and apart from hydrogen chloride, only 
aluminium hydroxide is obtained as an inorganic by-product.
On an industrial scale, the cheapest and most convenient process 
is as follows:
Aid  ^
C0Clo + 2 C/-H-C1 ---  — > CldH, COdH.d + 2 HCl2 o 5 ■ , T o 4  o 4Route I
This reaction is also completed in about an hour, and aluminium 
hydroxide is again the inorganic by-product.
Thus depending on the scale used, either route I via phosgene 
or route II via 4-chlorobenzoyl chloride, are the preferred method 
of preparation of 4,41-dichlorobenzophenone«
CHAPTER 11
MECHANISTIC STUDIES ON SOME REACTIONS LEADING TO BIS- (EALOARYL) COMPOUNDS
11.1 Introduction
Mechanistic studies were planned with two main objectives in mind:
(1) To examine very carefully the reaction between vinyl chloride and 
chlorobenzene, so as to gain an insight into the basic kinetics of 
the different steps in the reaction leading to the final product 
l,-di-(chlorophenyl) ethane, and also to find the relation between 
this reaction and the one between 1,1-dichloroethane and 
chlorobenzene.
(2) To examine the reaction between one or two of the reagents used in 
the previous section and different available halobenzenes in order to 
see whether the isomer distribution of the diaryl compound depends
on the steric effect of the halogen atom or its electrophilicity.
11.2 Mechanism of the reaction between vinyl chloride and chlorobenzene
In the,previous chapter, it was found that the separate reactions with 
vinyl chloride and 1,1-dichloroethane with chlorobenzene gave very similar 
products, even though the conditions under which the reactions were carried 
out were very different. The formation of 1,1-dichloroethane in the 
reaction with vinyl chloride was evident on the^H n.m.r. spectrum. The 
similar isomer ratios from the two sets of reactions (Tables 16.4', l6.j?» 
16.7) may be purely coincidental or may be because either vinyl chloride 
is converted to 1,1-dichloroethane or 1,1-dichloroethane to vinyl chloride 
in the reaction system. Such conversions will result in the two compounds 
effectively reacting by the same mechanism, if one is converted to the 
other before reaction commences.
The first step in the study of the mechanism of.the reaction was to 
examine whether the same or different mechanisms operate in reactions with 
vinyl chloride and 1,1-dichloroethane. This would necessitate a comparison
of the rates of the two reactions under as identical conditions as 
practically possible. If the rates were very different, it would mean that 
the mechanisms were very different, and if they were close, then the 
mechanisms could be the same. As it was difficult to alter the conditions 
of addition of vinyl chloride (it had to be introduced from a drikold 
trap), the 1,1-dichloroethane addition was carried out under the same 
conditions as for vinyl chloride. Quantitative means for following the 
reaction, i.e. measuring the quantity of l,l-di-(chiorophenyl) ethanes 
formed was essential. Gas liquid chromatography with an internal standard 
could be used, but was extremely time-consuming. It was found that 
H n.m.r. analyses with an internal standard was an excellent technique 
for estimating the amount of l,l-di-(chiorophenyl) ethane formed. 4- 
Nitrotoluene was a very useful internal standard and by measuring the ratio 
of integrals of its. methyl group and those of the l,l-di-(chiorophenyl) 
ethanes formed, the reactions between vinyl chloride/l,l-dichioroethane and 
chlorobenzene could easily be followed.
The reactions were therefore carried out as described in Chapter 17, 
17.5 and 17.6. The plot of the amount of l,l-di-(chlorophenyl) ethanes 
versus the time for the two reactions, page 187, indicated that
1,1-dichloroethane reacted slightly faster than vinyl chloride, but the 
difference was not very great. It was interesting to find the isomer 
ratios of the products of these two reactions are almost identical as 
shown in Table 11.1.
The similar rates of the two reactions and the extremely close 
values of the isomer ratios of all six isomers suggest that the reactions 
with vinyl chloride and 1,1-dichloroethane occur by the same mechanism.
The appearance of the latter in the n.m.r. spectra of samples removed 
reactions between vinyl chloride and chlorobenzene points to the fact 
that vinyl chloride is converted to 1,1-dichldroethane, but they may still 
be interconvertable.
The next step was to investigate whether vinyl chloride is converted
to 1,1-dichloroethane or not in an inert solvent. The hydrochlorination
of vinyl chloride in the presence of various catalysts has been claimed
238-24-1
in several patents. The catalysts used include aluminium chloride,
ferric chloride and even a mild catalyst like zinc chloride; solvents 
were 1, 1-dichloroethane or nitrobenzene at temperatures ranging from 0 
to 175°C in the various patents.
TABLE 11.1
ISOMER RATIOS OF l,l-Di-(CHLOROPHENYL) ETHANES
Isomer from vinyl chloride from 1,1-dichloroethane
2,2' k.2 * O A  li.5 * 0.3
2,3' 5-7 * 0.8 6.8 * 0.9
2A ' 37.2 * 3.6 32.7 * 0.7
3,3' >1 2.0 * 0.5
3A ' 16.8 * 1.7 18.5 * 0.4 '
i* A ' 35.8 + 1.7 35.6 + 0.7
"^ H n.m.r. analyses was found to be an extremely useful technique for 
following the progress of conversion of vinyl chloride. The n.m.r. 
spectra of vinyl chloride and 1,1-dichloroethane in nitrobenzene are shown 
on the following page, and it is evident that a hydrochlorination reaction 
can be conveniently followed, even by carrying out the reaction in a sealed 
n.m.r. tube. As mentioned in the experimental, Chapter 17, nitrobenzene and 
1 , 2 , trichlorobenzene were used separately as solvents. It was eventually 
concluded that vinyl chloride was converted to 1,1-dichloroethane (in the 
presence or absence of hydrogen chloride), but the conversion was incomplete. 
There are two possible reasons for the apparent incomplete reaction.
Firstly the reaction below may be reversible
CH2 V  CHCl + HC1 CH^CHC12
Secondly, there is a vast difference in the conditions of a reaction in an
n.m.r. tube and in a 1 1 reaction flask (as used for the reactions between
vinyl chloride and chlorobenzene), apart from the obvious difference in scale
In the latter case, the mixture was stirred, a nitrogen atmosphere was
maintained and temperature was always kept under control. It was evident
that in order to clarify whether these factors had any influence or not,
further experiments would have to be carried out. Dehydrochlorination of
2^21.1-dichloroethane to vinyl chloride was reported by Rothan and Sims.
When they heated 1,1-dichloroethane with ferric chloride, vinyl chloride 
and hydrogen chloride were formed. In the present work no evidence of the 
formation of vinyl chloride was seen in the n.m.r. spectra of samples
of 1,1-dichloroethane in a suspension of aluminium chloride in nitrobenzene 
(with or without hydrogen chloride) (see Chapter 17.2).
A more systematic approach into the conversion of vinyl chloride to
1.1-dichloroethane would be to carry out the reaction on the scale usually 
used. (i.e. 5 moles solvent, 1.3 moles vinyl chloride, 0.03 moles 
catalyst.) An inert solvent was required, and 1,2, ij-trichlorobenzene was 
found to be suitable. Since vinyl chloride was added from a graduated 
vessel, the amount added was known, and n.m.r. with an internal standard 
(4-nitrotoluene) was found to be a convenient method for quantitatively 
following the conversion of vinyl chloride to 1,1-dichloroethane. Un­
fortunately 1,2,^ -trichlorobenzene started reacting which meant that the 
amount of l,T-dichioroethane formed could not be calculated with any accuracy
Another reaction was carried out between vinyl chloride and chlorobenzene 
in the usual way (Chapter 17, 17.9) and samples were removed very frequently
FIGURE 11.1
H n.m.r. spectrum of vinyl chloride in nitrobenzene
H n.m.r. spectrum of 1,1-dichloroethane in nitrobenzene
for n.m.r. analyses. Methanol was added to the sample immediately 
after removal from the reaction vessel. The .^H n.m.r. spectra of the 
samples removed for the first half hour indicated the presence of 
vinyl chloride and 1,1-dichloroethane. It was therefore possible to 
conclude beyond any doubt that under the experimental conditions 
vinyl chloride is converted to 1,1-dichloroethane. The mechanism can 
thus be written as follows:-
AlC.]^  + 3H20  > ai(oh)3+ 3HC1 ~
HG1 + AlGl^ — H+A1G^
(As mentioned in Chapter 1, page 17 , the presence of moisture is
essential in alkylations with olefins).
+ slow fast
GH2=GHC1 + H AlCl^ ----- > CH^CHAlCl^ CH^CHC^ + ALCU^
fast
G1
C1GH
CH.  +HC1
Intermediate
For vinyl chloride or 1,1-dichloroethane to be converted to
1,1- di-(chiorophenyl) ethane, the reaction must proceed via the 
intermediate l-chloro-l-(chiorophenyl) ethane shown above. Its 
presence was not indicated in any of the H n.m.r. spectra of samples 
removed during reactions or products, so it probably reacted very 
rapidly to give the final product, 1,1-di-(chiorophenyl) ethane. In 
order to confirm this, a competitive reaction was carried out between 
the intermediate and 1,1-dichloroethane. The three isomers of the 
intermediate^were first prepared. v
Mixtures of three isomers of l-chloro-l-(chlorophenyl)
ethanes have been obtained by nuclear chlorination of06-chloroethylbenzene
pip 3-249
by several workers, ” ■ but only two unambiguous routes to the para
isoEiey', i.e. l-chloro-l-(^-chlorophenyl) ethane III have been reported.
2 50Fabrenind obtained it by the hydro chlorination of chi or o styrene,
2 CT
and Woodcock by chlorination of l-(^-chlorophenyl) ethanol. The 
latter method was used for the preparation of all three isomers of
l-chloro-l-(chlorophenyl) ethanol (see Chapter 18). This seems to be 
the first time that l-chloro-l-(2-chlorophen'.yl) ethane (i) and 1- 
chloro-l-(3-chlorophenly)ethane(il) have been prepared by direct 
(unambiguous) methods; the empirical formulae of the two compounds . 
were confirmed by microanalyses (Table 18.2) and structure by mass 
spectra, and , .H n.m.r. spectra (Table 18.3 and I8.5).
A competitive reaction was carried out by adding an equimolar 
mixture of l-chloro-l-(^-chlorophenyl) ethane and 1,1-dichloroethane 
to chlorobenzene as described in Chapter 17, 17.7. The /bln .m.r. spectra 
of the samples removed during the reaction, and of the product, did not 
show the presence.of the intermediate, even for samples removed within 
a minute of the addition. It was therefore apparent that the 
intermediate reacted very rapidly.
A more complete mechanism of the reaction can now be written as 
follows:-
CH2=CHC1 + H+AIC1^ Sl0W> CHJjHAlCl^ CH CHC12 + A1C1.J
Fast v  G^HCl 
Q 6 5
C1CH
CH
Cl
+ HC1
3
Past V  A1C1,
The above is a double alkylation reaction and it is not clear 
whether the isomer ratio is determined in step 3 or in step 5 or in 
both. Six isomers of 1,1-di-(chiorophenyl) ethane were obtained in 
reactions with vinyl chloride or 1,1-dichloroethane. Since the 
intermediate formed in step 3, react extremely rapidly, it was 
impossible to isolate it and to determine the ratio of isomers 
present by gas liquid chromatography or n.m.r. analyses. The 
other alternative was to examine steps 4 and j? separately, i.e. 
the individual reactions between the intermediates I, II and,III and 
chlorobenzene with aluminium chloride as a catalyst.
As no methods for the reactions of 1-chloro-l-(chiorophenyl) ethanes 
have been reported, the procedure used in the reactions, with 
^-chlorobenzyl chloride was adopted without adding nitrocompounds, 
since the latter had not been used in reactions with vinyl chloride or
1,1-dichloroethane. The following table gives the ratios of 1,1-di- 
(chlorophenyl) ethanes obtained in reactions with the intermediates 
(see also Table 18.6).
The predominence of para substitution in the reaction of all 
three isomers of the intermediates with chlorobenzene indicates that 
the selectivity in step 4/5 is very high. It therefore appears that 
the selectivity in step 3 is extremely low. On the basis of the 
results obtained in reactions with the intermediates (Table 11.2) it was 
possible to calculate the ratio in which the three were present in 
step 3 to give the 1,1-di-(chiorophenyl) ethanes in the ratio obtained 
in reactions with vinyl chloride or 1,1-dichloroethane (Table 11.l).
Table 11.3 shows how the best fit was calculated.
It appears that when the three intermediates are present in a 
ratio I:II:III of 36:20:44 or 36:22:42 the expected ratios of 1,1-di- 
(chiorophenyl) ethanes would be close to those obtained in the overall 
reactions (see Table 11.l). Two separate reactions were carried, out 
with the intermediates in these ratios (see experimental, Chapter 17.8.1 
and 17.8.2). The results are set out in Table 11.4 and 11.5.
There was a substantial difference in the scales of the reactions 
with vinyl chloride and the mixed intermediates. In the former 
reaction, the molar ratio of chlorobenzene:vinyl chloride:aluminium 
chloride was 3:1.3:0 . 3 whereas in the latter the ratio was 0.5:0.1 :0.09.
TABLE 11.2
RATIOS OF 1,1-Di-(CHLOROPHENYL) ETHANES 
FORMED FROM THE INTERMEDIATES
Substituent Isomer Ratio %
2,2' 2,3* 2,4' 3,3V 3,4' 4,4'
2.... 8.7 5.8 85.5
3.... 14.3 >1 8 5.7
4.... 15.2 84.8
TABLE 11.3
CALCULATION OF THE OVERALL ISOMER RATIOS
Ratio of Expected Ratio of 1,1-di-(chiorophenyl) ethanes
I,II,III 2,2' 2,3* 2,4' 3,3'a 3,4*’ 2,4'
.**0 (I) 3.6 2.3 34.2
20 (II) 2.9 17.1
40 (III) 6.1 33.9
Total 3.6 5.2 40.3 17.1 33.9
38 (I) 3.3 2.2 32.5
20 (II) 2.9 17.1
42 (III) 6.4 35.6
Total 3.3 5.1 38.9 17.1 35.6
35(1) 3.0 2.0 29.9
20 (II) 2.9 17.1
5^ (in) 6.8 38.2
Total 3.1 4.9 36.7 17.1 38.2
36. (I) 3.1 2.1 30.8
20 (II) 2.9 17.1
44 (III) 6.7 37.3
Total 3.1 5.0 37.5 17.1 37.3
36 (I) 3.1 2.1 30.8
22 (II) 3.2 18.8
42 (III) 6.4 35.6
Total Y  3*1 5.3 37.2 18.8 35.6
The formation of l,l-di-(3-chlorophenyl) ethane was not 
observed in the reaction with II, from where it presumably 
originates. However it was also not seen in reactions 
with vinyl chloride.
TABLE 11.4
CALCULATED & OBSERVED OVERALL ISOMER RATIOS OF l,l-Dl<CHLOROPHENYL) ETHANES
Isomer 2,2’ 2,3’ 2,4' 3,3' 3,4' 4,4'
Calculated for intermediate
ratio 36:20:4^ (Table 11.3) 3.1 5.0 37.5 >1 17.1 37-3
Observed for intermediate
ratio 36:20:44 (expt. 17.8.1) 3-3 4.8 37.4 >1 17.3 37.2
Observed overall ratios
vinyl chloride Table 11.1 4.2 3-7 37 •2 . >1 16.8 35-8
1,1-Dichloroethane Table 11.1 4.3 6.8 32.7 2.0 18.3 35-6
TABLE 11.3
CALCULATED & OBSERVED OVERALL ISOMER RATIOS OF 1,1-D1-(CHLOROPHENYL) ETHANES 
Isomer 2,2' 2,3' 2,4’ 3,3' 3,4’ 4,4'
Calculated for intermediate
ratio 36:22:42 (Table 11.3) 3*1 5.3 37.2 > 1 18.8 33.6
Observed for intermediate
ratio 36:22:42 (expt. 17.8.2) 2.9 3.3 38.6 > 1 17.8 36.9
Observed overall ratios
vinyl chloride Table 11.1 4.2 3.7 37.2 > 1 16.8 33.8
1,1-Dichloroethane Table 11.1 4.3 6.8 32.7 2.0 18.3 35*6
This was because the three intermediates had to be prepared by eight
separate steps (see Chapter 18.1). The difference in scale
could be responsible for the variation in results in Tables 11.4 and 11.3.
It is possible to conclude that in step 3 the three isomers of 
the intermediate are formed in the following percentage ratios:
I -II III
/ o )  cHC1CH3 < ( q )  CHCICH^ Cl
Cl Cl
36 22 42
Another reaction was carried out with vinyl chloride and 
chlorobenzene, and after 70$ of the vinyl chloride had been added, 
a mixture of I, II and III iif the ratio 36:22:42 was added. The 
chromatograms before and after the addition of the mixed intermediates 
are on the following page and.the indicate beyond any doubt that this 
is actually the ratio in which the isomers of the intermediate were 
formed in step 3> there is no noticeable change in the iso.mer 
ratio of the final product (Table 11.6). (See also experimental Table 
17.10).
It is obvious that only 3 of l.l-di-(d-chlorophenyl) ethane was 
obtained in reactions with vinyl chloride and 1,1-dichloroethane 
because 38% of l-chloro-l-(2-chlorophenyl) ethane and 1-chloro-l- 
(3- chi orophenyl) ethane are formed on the addition of CH^&C.l to 
chlorobenzene, and I and II cannot give l,l-di-(4-chlorophenyl) 
ethane in the absence of positional isomerization within the benzene 
ring.
As more selectivity was observed in step 3 than in step 3 (more 
para substitution), in the same system, it appears that CH^ShC'I 
is more reactive and is not very selective. On the other hand, in 
CH^HC^Cl the positive charge can stabilize the system by resonance 
and hence the carboriium ion is more selective and attacks mainly the 
para position, giving very little meta products. The reactions with 
vinyl chloride were found to be more exothermic than those with the 
intermediates and the selectivity was less in step 3 than step 3*
CHC1CH,
FIGURE 11.2
Chromatogram of 1,1-di-(chiorophenyl) ethanes
of a sample from the reaction mixture of experiment 17.10
Before
adding
intermediates
Time
After adding 
intermediates 
I:II:III 
/was 36:22:^2
2 ,2 ’ 
2,3’ 
2, ’ 
3,3’ 
3,** 
.4,4*
Time
j-u u
TABLE 11.6
1,1-Di-(CHLOROPHENYL) ETHANES FROM VINYL CHLORIDE AND INTERMEDIATES
1,1-Di-(chiorophenyl) ethanes % "before I,II,III Rafter
addition addition
2,2' 4.2 4.4
2,3’ 5.8 5.9
Z,k' 39.1 38.3
3.3' >1 >1
3,'+' 17.1 18.0
V*' 33-8 33.^ -
A reaction was carried out between l-chloro-l-(4-chlorophenyl) 
ethane and chlorobenzene with a catalyst other than aluminium chloride 
i.e. titanium tetrachloride. The reaction worked i.e. 1,1-di- 
(chiorophenyl) ethanes were obtained in a similar ratio to that 
obtained with aluminium chloride. Titanium tetrachloride and 
catalysts other than aluminium chloride did not catalyse the reactions 
with vinyl chloride or 1,1-di-chloroethane. It thus appears that 
steps 1 and 2 page 99 , are not catalysed by catalysts weaker than 
aluminium chloride, but that titanium tetrachloride can catalyse 
step 4.
11.3 Reactions with halobenzenes
Reactions were carried out as described in lj5.3» The standard
compounds i.e. the (4~chlorophenyl)-(halophenyl) --methanes were not
available. Analyses were based on the deductions that were made about
the n.m.r. and g.I.e. analyses of di-(chiorophenyl) compounds
(Chapter 9). In n.m.r. analyses, it could be assumed that in the
two singlets obtained in the region the one which is downfield
belongs to the 2,4'-substituted compound, and the upfield peak is a
combination of the 3» 4' aJid. 4,4' substituted compounds. This was an
obvious conclusion from the n.m.r. spectra of the di-(chiorophenyl)
methanes, 1,1-di-(chiorophenyl) ethylenes and 1,1-di-(chiorophenyl)
221ethanes. Also, from the observations of Sharpless and Bradley and 
g.l.c. analyses, it seems that the retention time usually increases 
from the ortho substituted to meta substituted and then para substituted.
This was found to be true for dichlorobenzophenones, di-(chiorophenyl)
2
methanes and 1,1-di-(chiorophenyl) efhanes. Olah and his co-workers D
quoted retention times of halophenylmethanes and found similar results
253for fluoro, chloro, bromo and iodophenylmethanes. Morgan 
determined--the retention times of various halotoluenes and his results 
indicate that retention times increase from ortho to meta to para. It 
was therefore assumed that amongst the (4-chlorophenyl)-(halophenyl) 
methanes, the retention times would increase a,s ortho-halophenyl <meta- 
halophenyl <para-halophenyl. Of course the results obtained by gas 
liquid chromatography were checked by n.m.r. analyses and in the 
latter case it was assumed that 3>4' and 4,4'-substituted compounds 
gave one peak.
The results obtained in the reactions of ^-chlorobenzyl chloride
and halobenzenes are in the Table 11.7. These results are
92compared to those obtained by Nazarov and Semenovsky during
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11.7
148chloromethlyation of halobenzenes and by.Blackwell and Hickinbottom 
by heating A-chlorobenzyl sulphonate with halobenzenes.
92
Nazarov and Semenovsky explained that the increase m  the 
para isomer in going from fluoro to iodobenzene was due to the change 
in the deactivation of the ortho position with the change in the 
electronegativity of the halogen substituent F> Cl> Br> I. The 
tendency of the four halogens to withdraw electrons from the aromatic 
nucleus also follows the same order. It thus appears that the steric 
effect has been overpowered by polar effects as explained in Chapter 
2, page 17 , and even a bulky atom like iodine cannot hinder the 
benzyl group from entering the ortho position. It was interesting 
to observe that a similar trend was observed even by heating 4- 
chlorobenzyl sulphcnates with the four halobenzenes. The results 
obtained in the reactions carried out here between chiorobenzyl 
chlorides and halobenzenes, suggest that in 4-chloro-benzylation as 
well as chloromethylation, polar factors are more important than 
steric effects in deciding the isomer ratio.
92Nazarov and Semenovsky determined the isomer ratio by a
comparison of the results of chromium trioxide oxidation with the
results of the oxidation of the pure para isomer under strictly
identical conditions. During this oxidation, the ortho derivatives
were oxidised with breakdown of the benzene nucleus. Blackwell and 
148Hickinbottom determined the isomer ratios of their products by gas
liquid chromatography by comparison with reference compounds prepared
212as by standard procedures.
It is therefore evident that the results in Table 11.7 confirm
the assumed retention time of ortho <meta<para, since (a) results for
the fluoro, bromo and iodo compounds obtained in-this work fit
exactly with those for chlorobenzene (where no assumption was made)
and (b) results for the fluoro, bromo and iodo compound in this work
agree very well with those found by other workers of whom Blackwell 
148and Hickinbottom used standard compounds.
11.3.2 Reactions between l-chloro-l-(^-chlorophenyl) ethane & halobenzenes
As mentioned in Chapter 18.2.1-18.2.3, in reactions between 1-chloro- 
l-(chiorophenyl) ethanes (intermediates) and chlorobenzene the unconverted 
intermediate was seen in some n.m.r. spectra. In these reactions the 
intermediate was introduced periodically in a solution in the chlorobenzene 
and the catalyst was also added gradually as the reaction progressed, (ihe 
procedure of the reaction with 4-chlorobenzyl chloride was followed). It 
was therefore decided to use a modified procedure with the halobenzenes 
whereby the. intermediate was added to a mixture of the catalyst and 
halobenzene. The reactions were exothermic and the intermediate was 
never seen on the n.m.r. spectrum. In the reactions with the various 
halobenzenes, (Table 18.7), it was observed that the isomer ratios of 
the products did not alter to a significant extent with the change of the 
halogen atom.
11.3.3. Reaction between phosgene and fluorobenzene
The product obtained in a reaction between phosgene and fluorobenzene
with aluminium chloride as a catalyst was supplied by I.C.I., together with
2,^ * ,3>^f s-rid. -difluorobenzophenones. Ihe retention times of the
standard compounds were first measured on a carbowax column (as used for
dichlorobenzophenones) at 130°C with an internal standard (benzophenone).
It was interesting to observe that for the difluorobenzophenones the
retention time increased in the following sequence -£2,4' . The
separation of the last two was not good. These results are not in accord
with the general observations made in the present work about the retention
times of dichlorobenzophenones, di-(chiorophenyl) methanes and 1,1-di-
(chlorophenyl) ethanes, by Olah^^ for the retention times of halo-
253diphenyl methanes and by Morgan ^ for the retention times of halotoluenes. 
The results on the difluorobenzophenones indicate the importance of using 
standard compounds in systematic analyses of reaction products. The 
different behaviour of the difluorobenzophenones probably arises from 
intramolecular interactions.
As suggested on page 108 the results of Table 11.7 cannot be 
incorrect, for example reactions with halobenzenes. could not give 6% of 
2,4* isomer and 18% 3,^ ' isomer in the case of the fluorobenzenes (and
similarly for other halobenzenes) because then they would, not fall into 
the sequence of results obtained in reactions with chlorobenzene where 
standard compounds were prepared. The results quoted in Table 11.7 also 
compare favourably with those obtained by other workers in similar 
reactions. Similarly, if the products of reactions between 1-chloro-l- 
(4-chiorophenyl) ethanes and halobenzenes are calculated on basis of 
isomer retention times as 2,4'< 3»^'< 4,4', then the results obtained 
with fluorobenzene, bromobenzene and iodobenzene agree very well with 
those from chlorobenzene where standard compounds were used for comparisons.
The isomer ratios of the obtained difluorobenzophenones were •
. 13calculated on the basis of gas liquid chromatography and ■ C n.m.r.
Results are given in Table 11.8 and are compared to those obtained by
Olah and his co-workers ^  in their preparation of some aromatic
fluorine derivatives.
TABLE 11.8 ■ . ~
PRODUCTS FROM PHOSGENE AND FLUOROBENZENE ..
Reference Isomer Ratio %
2,4’ 3,4’ 4,4’
215 7 5 88
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ct Olah and his co-workers recrystallised the product to 
constant m.p. 10^5 C. They did not mention the isomer 
ratio before recrystallisation.
The very low percentage of 2,4'-isomer ratio in comparison to the 
corresponding reaction with chlorobenzene (39$) (Table 10.1) indicates
that the ortho position is deactivated by the fluorine atom. The high
. . . 79
para isomer ratio agrees with the mechanism suggested by Boeseken ,
Chapter 2.2.
11.4. Suggestions for further work
As mentioned in Chapter 10, the results of the reactions with 
phosgene, 1,1-dichloroethane and methylene chloride suggest that more 
than two isomers (2,4' and 4,4') would be expected from the reaction 
between acetylene and chlorobenzene. Since all the standard compounds in 
the 1,1-di-(chiorophenyl) ethane have been prepared, a re-examination
of this reaction to check whether a 30:50 ratio of 2,4' and 4,4'-isomers
. 149-152is obtained as reported would be worthwhile.
The separation of the six isomeric dichlorobenzophenones, di- 
(chlorophenyl) methanes and 1,l-di-(chlorophenyl) ethanes by chromatographic 
techniques particularly high performance liquid chromatography can be 
looked into.
Another interesting area of research in this area would be to prepare 
the three isomers each of (^-chlorophenyl)-(halophenyl) methanes and 
l-(4-chlorophenyl)-l-(halophenyl) ethanes for fluorine, bromine and 
iodine and to examine their retention times and H n.m.r. chemical 
shifts, and to check whether the preliminary assumptions made in Chapter 
11 are correct or not.
CHAPTER 12
PREPARATION OF STANDARD COMPOUNDS
Reagents and Techniques
All reagents and catalysts in the preparations were the 
purest available, and were used without further purification 
unless otherwise mentioned.
The melting points and boiling points were determined with 
a precalibrated thermometer. A Koffler apparatus was used for 
melting point determinations.
All the Friedel-crafts and Grignard reactions carried out 
for these preparations were performed under a nitrogen blanket, 
i.e. the flask was flushed with nitrogen at least ten minutes 
prior to the addition of the reactants, and a continuous flow of 
nitrogen was maintained.
The carbon and hydrogen analyses were carried out on a Carlo Erba llo6 
by Mr„ E. Hopwood. The results are in Tables 12.1... . 12.4.
The mass spectra were run on an AEI MS12, 70eV mass 
spectrometer at around 150°C by Mr. J. Delderfield. The results 
are set out in Chapter 13.
The infra red spectra of all the standard compounds were 
recorded on a Perkin Elmer 577 grating infra red spectrometer, 
using potassium bromide plates. For solid samples, a mull was made 
in nujol.
1 13
The H n.m.r. and C n.m.r. spectra were run by 
Mr. J. Bloxidge and the chemical shifts are in Chapter 13. 
Approximately 8 - 10/6 and 18 - 20^ solutions in deutero-
13chloroform were used for ’H n.m.r. and C n.m.r. spectra 
respectively with tetramethylsilane as an internal standard.
G a s  liquid chromatograms were run on a PE 11 instrument 
with a flame ionization detector. It was fitted with an 
ionization amplifier (lXl —  2 x 10^) and a linear temperature
programmer (l --  40°C/min). A large selection of columns were
available with various packings ranging from non polar through 
semi polar to polar. The chart speed could be altered from 
5: mm/min to 15 mm/min. The inj ection temperature could also be 
adjusted.
12.1. Dichlorobenzophenones
12.1.1. 4,4,-Dichlorobenzophenone.
130
The procedure used by Montague was used for the preparation 
of the title compound.
A diagram of the set-up is shown on the following page. It 
consists of a five necked reaction flask A (ll)> surrounded by an 
isomantle and fitted with a thermometer, C, nitrogen inlet, D, stirrer 
reflux condenser, E, an aluminium chloride dispenser, F, and a 
dropping funnel, G, (100 ml). The catalyst dispenser, F, was a 
bone shaped vessel as shown below. Nitrogen was passed through H 
(10 mins), opening I and J alternately. (the latter
by pushing down the rod from the top). K was a teflon seal.
I and J were then closed and the aluminium chloride dispenser 
present in a sealed bottle L was transferred via PVC tubing by 
gradually tilting the bottle. The reflux condenser E, was connected 
via two Dreschel bottles M and N to the funnel 0 inverted over a
O'
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beaker P. The burette Q contained standardized sodium hydroxide 
solution.
Anhydrous aluminium chloride (44.6 g, 0.33 mol) was transferred 
into the dispenser F, and 4-chlorobenzoyl chloride (52.5 g, 0.3 mol) 
and the aluminium chloride were placed in the flask. Chlorobenzene 
(112.5 g» 1.0 mol) was then added to the flask which was subsequently 
heated (85°C). Hydrogen chloride gas was evolved ten minutes later 
and phenolpthalein was added to the beaker P containing water. The 
reaction was therefore followed by the continuous titration of 
the evolved acid. At the end of an hour, when 95^ of the theoretical 
amount of hydrogen chloride had been evolved, the flask was allowed 
to cool (10 mins) before pouring its contents into a beaker (H) 
of water (100 ml). The product at that stage, consisting of 
solid brown lumps in water, was cooled to room temperature. Ether 
(5 x 100 ml) was added to dissolve the solid. It was found 
necessary to remove the solid lumps and disintegrate them by a 
pestle and mortar to dissolve them in ether.
The aqueous and organic layers were then separated. The 
former was extracted with ether (3 x 100 ml) and the combined 
organic extract treated with sodium ; bicarbonate solution (0.1'N,
3 x 100 ml) and washed with water (3 x 100 ml) before drying over 
anhydrous potassium carbonate (50 g, 2.6 h). The ether was 
evaporated off after filtering the dessicant. The dirty yellow 
residue was then recrystallised from industrial methylated spirit 
(3 x 150 ml) in the presence of charcoal to give 40 g of a white 
crystalline product (ra.p • 145°C). yield was 53^. The results are 
in Table 12.1.
12.1.2. 3,4*-Dichlorobenzophenone
An analogous method to the one used for the preparation of 
4,4’-dichlorobenzophenone was attempted using the same apparatus.
The procedure was also similar except that 3-chlorobenzoyl 
chloride (52.5 g, 0.3 mol) was the acylating agent. The reaction 
was terminated at the end of 1.2hby quenching the reactants, and 
the product was worked up just as for 4,41-dichlorobenzophenone. 
After recrystallisation, 48gof white needle shaped crystals 
(m.p. 113°C) were isolated. Yield was 64^. The results are in 
Table 12.1.
12.1.3. 2,4’-Dichlorobenzophenone.
The procedure used was the same as that for the previous two 
experiments. The apparatus was as in experiment 12.1.1 except 
for the use of a smaller reaction flask (500 ml). The quantities 
of reactants and catalysts were only half those in experiment 12.1.1 
because it had been observed in the previous two preparations, that 
the work up was rather tedious and messy due to the large amounts 
of ether and hydrochloric acid required.
^'2-Chlorobenzoyl chloride (26.2 g, 0.15 mol), aluminium chloride, 
(22.3 g, 0.16 mol) and chlorobenzene were used. After 0.7’-h, by 
which time 96^ of the theoretical amount of hydrogen chloride had 
been evolved, the reaction mixture was poured into water (100 ml).
The product was then worked up as before and recrystallised from 
requisite amounts of methylated spirit to give an oil from which 
white crystals (33g ) separated on cooling, (m.p. 65°C). Yield was 
88^, Results are in Table 12.1.
12.1.4. 2,3*-Dichlorobenzophenone
207The method suggested by Haller et al was used for the 
preparation of the title compound.
The apparatus was a typical Griginard set-up comprising 
a three necked flask (11) placed on an isomantle and fitted 
with a thermometer, stirrer, reflux condenser, dropping funnel 
(250 ml) and a nitrogen inlet. The reflux condenser and 
dropping funnel were fitted with calcium chloride guard tubes.
Sodium dried ether and benzene were used in this reaction. 
Magnesium turnings, (6.0g, 0.25 gatom) and ether (50 ml) were 
introduced into the flask. A few drops of a solution of 
3-bromochlorobenzene (39S? 0.2 mol) in ether (100 ml) was added. 
An instantaneous refluxing of ether indicated the fact that 
reaction had commenced. The solution was then added over one 
and a half hours, the rate of addition being maintained such 
that the ether was under gentle reflux. The reaction mixture 
was allowed to reflux for another hour, after which benzene 
(200 ml) was added, the dropping funnel replaced by a still head, 
the ,reflux condenser removed, and ether distilled off. The 
contents of the flask were allowed to cool before filtering 
through glass wool into a dropping funnel (500 ml). A solution 
of 2-chlorobenzonitrite (22g., 0 .1 6 mol) in benzene (250 ml) was 
introduced into the flask after flushing it with nitrogen. Two 
dropping funnels, a reflux condenser were then fitted, and the 
Grignard solution added (10 mins); frothing was observed, and a 
yellowish brown homogeneous solution was obtained. The contents
of the flask were allowed to remain under reflux for two and a 
half hours, at the end of which the isomantle was replaced by an 
ice-salt mixture; and the reaction mixture was thereby cooled to 
5°C. A solution of concentrated hydrochloric acid (125 ml) 
in water (140 ml), was added with stirring (30 mins). Benzene 
was then distilled off and a brown solid remained, suspended in 
hydrochloric acid. The mixture was refluxed (8 h) but the 
solid failed to dissolve. The solid was then filtered ..off and 
the filtrate retained. A small portion of the solid was then 
refluxed with hydrochloric acid (8N) for half an hour.
The solid decomposed and an organic and aqueous layer formed. The 
remaining solid was thus brought into solution by repeated refluxing 
with requisite amounts of hydrochloric acid (8N).
The aqueous and organic layers were separated from the combined 
solutions. They were then worked up as in 12.1.1 and the residue 
remaining after evaporation of the ether was distilled under 
vacuum to give 21 g (b.p. *140°C/ mm) of an oily liquid. Yield was 
5 2.5/0. The results are in Table 12.1.
12,1.5. 3-Chlorobenzamide
Ammonia solution (200 ml, sp. gr. 0.88) was placed in a three 
necked flask (11), cooled in an ice salt mixture, and fitted with 
a dropping funnel (100 ml) and stirrer. 3-Chlorobenzoyl chloride 
(6 9 .6 g, 0.4 mol) was gradually added to the ammonia (2h), and 
stirring was continued for half an hour after the completion of 
its addition. A white solid product was obtained which was 
filtered off and recrystallised to yield 7 2g of a white crystalline 
product.
12.1.6. 3-ChlorobenzonitriIe
Phosphorus pentoxide (90 g, 0.62 mol) was placed in a flask 
(250 ml) and 3-chlorobenzamide (53:g, 0.35 mol) added. The flask 
was stoppered and hand shaken (10 mins), after which it was fitted 
for distillation. At first, it was gently heated (15 mins), 
during which yellow phosphoric acid was observed in the flask. 
3-Chlorobenzonitrile was then distilled off at 115° - 125°/l5 - 
20 mm. The yellow distillate solidified on standing. It was 
dissolved in ether, washed with water, dried and recrystallised 
from ethanol to give 37g of 3-chlorobenzonitrile. (m.p. 40°C).
12.1.7. 3,3'-Dichlorobenzophenone
The apparatus used for the preparation of 2,3’-dichlorobenzoph­
enone was set-up here. The procedure was also the same except 
of course that 3-chlorobenzonitrile replaced 2-chlorobenzonitrile.
A yellow solid remained after decomposition of the product of the 
Grignard reaction and routine work up. On recrystallisation from 
ethanol 23 g (m.p. 123°C) of a light yellowish white solid was 
isolated. Yield was 56^. The results are in Table 12.1.
12.1.8. Bis-(2-Chlorophenyl)carbinol
207
The procedure suggested by Haller et al was adopted here.
The apparatus was the same as that used for 2,3’-dichlorobenzophenone.
Sodium dried ether was used in this Grignard reaction.
Magnesium turnings (lOgj 0.4gatom) and ether (220 ml) were 
introduced into the flask after flushing it with nitrogen. A
solution of 2-bromochlorobenzene (73.g, 0.38 mol) in ether (200 ml) 
was gradually added (l.6h) and a steady state of ether reflux 
was observed. The refluxing was allowed to continue for another two 
hours at the end of which the reaction mixture was filtered quickly 
through glass wool into a dropping funnel (500 ml). A solution 
of 2-chlorobenzaldehyde (54 g, 0.38 mol) in ether (200 ml) was 
introduced into the flask. The Grignard solution was gradually 
added (45 mins) at a rate sufficient to maintain gentle reflux 
of ether. The reaction mixture was maintained under reflux for 
another hour, at the end of which it was allowed to cool slightly 
before pouring into hydrochloric acid (3N, 400.ml) in a beaker 
(21). The aqueous and organic layers were separated, and the 
latter washed and dried as usual* The yellow oily liquid 
reamining after the evaporation of the ether (used for extraction 
of aqueous layer) was distilled under vacuum to give 46 g of a 
light yellow liquid (b.p. 150-l6o°C/0.3-0*4 mm). The liquid 
solidified on standing.
12.1.9. 2,2’-Dichlorobenzophenone
The title compound was prepared by the method described by
207Haller and his co-workers. Bis(2-chlorophenyl)carbinol, (20 g 
0.08 mol) was dissolved in glacial acetic acid (50 ml) and then 
a solution of sodium dich:/*romate (41.7 g, 0.14 mol) in concentrated 
sulphuric acid (55 ml) was added gradually with stirring (1.2 h).
The mixture was then heated under reflux (3 h) in an oil bath (170 - 
180°), when a lot of tar formed. It was allowed to cool to room 
temperature before pouring into water (100 ml). The product was 
then subjected to the workup procedure used in 12.1.1. It was
rather tedious due to the tar formed, and required twelve ether
extractions. A yellowish orange liquid eventually remained after
evaporation of the ether. The liquid was distilled to give an
orangish yellow oil (4.2.g) and a tarry residue (12 g). The oil
solidified on standing to give a yellow solid. After four
recrystallisations from ethanol in the presence of charcoal,
o _
2.3g of white crystals (m.p. 44 c) were obtained. Yield was only 
12^. Results are in Table 12.1.
TABLE 12.1.
CONSTANTS AND ANALYTICAL DATA FOR DICHLOROBENZOPHENONES
o / o . ,
Substituent Bp C/mm, M.p C Microanalysis
1 Obsvd. Reptd.l Obsvd Calcd.
* C $ H fo C jo H fo
4,4’ .... 145 146233 62.14 3.18 62.15 3.19
3,4’.... 113 113207 61.93 3.18
3,3’.... 123 124 207 62.09 3.09
2,4’.... 65 66 235 62.31 3.09
2,3'.... 140/1 14o/P7 62.04 3.17
2,2’,___ 44 45207 62.18 2.91
12.2. Dichlorodiphenylmethanes.
1 2 .2 .1. 4,4'-Dichlorodiphenylmethane.
The reduction of the 4,4’-dichlorobenzophenone was carried
212out by the method described by Blackwell and Hickinbottom.
A three-necked flask (500 ml) placed on a water bath, and fitted 
with a stirrer, thermometer, double surface condenser, dropping 
funnel (100 ml) and a nitrogen inlet was used. The dropping 
funnel and condenser were closed with calcium chloride guard tubes. 
In order to make the catalyst solution, a three necked flask 
(250 ml) was fitted with nitrogen inlet, stirrer, aluminium chloride 
dispenser and a drying tube.
Sodium dried ether was used throughout the reduction.
Anhydrous aluminium chloride (17.7 g, 0.13 mol), was transferred 
into the dispenser as described in section 12,1,1.It was then 
added slowly (l.3h) under nitrogen to ether (60 ml) in the 
smaller flask immersed in drikold. In spite of the slow rate of 
addition of aluminium chloride and cooling of the flask, ether 
evaporated into catalyst dispenser. After all the catalyst had 
dissolved, the solution was transferred with the aid of a bent 
adapter into the dropping funnel on the reaction flask. Lithium 
aluminium hydride (2.5 & 0.7 mol) which had been weighed out in a 
dry box was dissolved in ether (8 ml) and placed in the flask after 
flushing with nitrogen. The catalyst solution was then gradually 
added (25 mins). The dropping funnel was replaced by the aluminium 
chloride dispenser containing 4,4’-dichlorobenzophenone (1 7 g,
0.07 mol). The ketone was then added slowly (^l gat a time).
After each addition of ketone, the temperature rose from 3 1 - . 35?C.
and considerable evaporation of ether occurred, therefore more 
ether (30 ml) was added. After all the ketone had been added 
the reaction was terminated by the addition of ethyl acetate 
(30 ml) to kill the catalyst.
The grey product was then poured into concentrated sulphuric 
acid (20$, 100 ml). The two layers were separated, and the 
aqueous portion ether extracted and the combined organic extracts 
washed and dried before removing the ether by evaporation. The 
white solid residue was recrystallised from methanol (3 x 200 ml) 
with charcoal to give 11.3.g of white crystals. (M»p~ 53°C).
Yield was 71$. The results are in Table 12.2.
12.2.2. 3,4'-Dichlorodiphenylmethane.
The reduction of 3,4’-dichlorobenzophenone was carried out 
in exactly the same way as 12. 2.1 and 9*8g of a light yellow oily 
liquid (b.p. 142°c/0.5 mm) was isolated by distillation under 
reduced pressure. Yield was 57$. Results are set out in Table 12.2.
122.3. 2,4’-Dichlorodiphenylmethane.
The title compound was prepared in the same way as the previous 
two experiments. 8.9g (b.p. 126°c/0.4 mm) of an oily liquid was 
isolated by distillation under reduced pressure. Yield was 53$. 
Results are in Table 12.2.
12.2.4. 2,3,-Dichlorodiphenylmethane.
As no method for the preparation of the above was available 
in the literature, the method used for the preparation of the three
previous ketones was used here. The crude product was distilled 
(b.p. 148°c/0.4mm) to give an oily liquid, the n.m.r. 
spectrum of which showed a major byproduct with a methyl group.
High pressure liquid chromatography with a 9fo solution in 
hexane was carried out. Four peaks were seen on the chromatogram 
and mass spectral analysis on fraction 2 (largest) showed it was
the expected product. 0.4g was found to be sufficient for a mass
1 13
spectrum, carbon and hydrogen analysis, H n.m.r. and C n.m.r.
spectra. It was, therefore, collected from 56 injections. Results
are in Table 12.2.
12.2.5. 3,3’-Dichlorodiphenylmethane
Attempts were made to prepare the title compound by the method
used in reductions 12.2.1 --  12.2.4 in the absence of any reference
in literature. 7.3gof a colourless oily liquid was isolated by 
distillation (b.p. 134°c/0.14 mm) but as in 12 .2.4, the n.m.r.
spectrum showed that it contained a considerable amount of a side 
product. The results are in Table 12.2. 3,3,-Dichlorodiphenylmethane 
(0.38g)was therefore isolated by h.p.I.e. from 58 injections.
122:6. 2,2,-Dichlorodiphenylmethane
The title compound was prepared by the method suggested by 
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Zutzi as foilows:-
A three necked flask (50 ml) fitted with a stirrer, dropping 
funnel (25 ml), reflux condenser, and a thermometer was used.
Bis-(2-chlorophenyl) carb&nol (3 g, 0.012 mol) dissolved in
glacial acetic acid (13 ml) was placed in the flask, and hydroiodic 
acid (3.6 ^  0.03 mol) was gradually added from the dropping funnel 
(7 mins). The mixture was maintained under reflux in an oil bath 
(2 h). After cooling, it was poured into a solution of sodium 
metabisulfite (50 ml) with vigourous stirring. The dark brown 
solution turned yellowish white, and the aqueous and organic layers 
were separated. The former was extracted with ether and the combined 
organic portion was then washed and dried as usual, before evaporating 
off the ether.
A yellow solid remained behind and was recrystallised from 
ethanol to give a white solid (l.2g). The solid on examination by 
H n.m.r., C n.m.r., high resolution mass spectrometry, and 
microanalysis was found to be the acetate of the carbinol initially 
used.
The liquid which was filtered during the recrystallisation of 
the acetate was evaporated and distilled under vacuum; 0.9 gof 
a liquid distillate was obtained (b.p.-120°C/0.04 mm). Yield was 
33/&. Results are in Table 12.2.Mass spectral analysis, n.m.r. 
and n.m.r. spectra, carbon and hydrogen analysis indicated 
that it was 2,2’-dichlorodiphenylmethane.
As a major byproduct was formed during the reduction of the 
bis(2-chloropheny})carbinol, other standard methods for the 
reduction of carbinols to methanes were attempted.
Reduction with lithuim aluminium hydride/aluminium chloride 
wars attempted using the procedure adopted for the other ketones
12.2.1. ..12.2 5. A solid product m.p. 156°C was isolated.
1
The H n.m.r. showed the presence of several aliphatic hydrogens 
and the mass spectrum indicated a parent peak of over 300.
Sodium borohydride reduction via the bis(2-chlorophenyl)
chloromethane was next attempted. The chloride was first prepared
as follows:- Bis(2-chlorophenyl)carbinol (5.6'g, 0.22 mol) was
refluxed with concentrated hydrochloric acid (40 ml) in a three
necked flask fitted with a reflux condenser, stirrer and a stopper.
n.m.r. spectrum was taken every half hour to follow the
conversion of the -OH group to -&. At the end of twelve hours,
when the -H n.m.r. spectrum indicated the fact that conversion was
complete, the product was cooled and separated from the aqueous
layer. The mass spectrum confirmed the identity of the product
as the corresponding chloride. This was reduced by the method outlined 
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by Brown and Bell in the reduction t-cumyl chloride. A three 
necked flask (100 ml) placed on an oil bath and fitted with a 
stirrer, thermometer and dropping funnel was used. Sodium 
borohydride (6.6 g, 0.18 mol), sodium hydroxide (1.8 g, 0.45 mol) 
diglyme (29 ml) and water were introduced into the flask which was 
heated at 51 - 3°C for one hour. Water (10 ml) was then added, 
the two layers separated, worked up as usual and a white solid 
isolated. Its ^H n.m.r. spectrum and mass spectrum indicated that 
it was the starting compound, i.e. bis(2-chlorophenyl)chloromethane.
12 ,3. Dichlorodiphenylethylenes.
12.3.1. 1,l-Di-(4-chlorophenyl)ethylene.
. 154
The two step method described by Grummitt and his co-workers
for the preparation of the title compound via the corresponding
carbinol was used here.
TABLE 12.2.
CONSTANTS AND ANALYTICAL DATA FOR DICHLORODIPHENYLMETHANES
o , o .
Substituent B.P* C/mm, M.p. C Microanalysis
( Obsvd. Reptd. i Obsvd . Calcd.
tfo life Cfe life
4,4' ...... 53 54a 65.85 4.11 65.82 4.22
3,4«  __  142/0.5 18l/lOb 6 5 .7 6 4.14
3,3* ...... 134/0 .1 4 c 66.44 3.90
2,4' ...... 126/0.4 185/llb 65.58 4.18
2,3’ ____ 148/0.4 C
d
2,2' ....  120/0.04 113/0.1 66.03 3.99
a - Ref. 210
b - Ref. 212
c - not reported,
d - Ref. 211
The apparatus used was a Grignard set-up described in 
Chapter 12.1.4. Sodium dried ether and benzene were used 
throughout the reaction. Magnesium turnings (7.5g., 0.3 g atom) 
and ether (50 ml) were placed in the flask. Methyl iodide 
(44 g, 0.31'mol'), dissolved in ether (150 ml) was introduced into 
the dropping funnel. On the addition of a few drops of this 
solution, refluxing commenced. The rate of addition of methyl 
iodide was adjusted to a rate at which ether was under moderate 
reflux. The Grignard reagent was allowed to reflux for another 
ten minutes after all the methyl iodide had been added. A solution 
of 4,4'-dichlorobenzophenone (63 & 0.25 mol) in benzene (700 ml) 
was added slowly (l.l h)and the mixture was allowed to remain
under reflux for another hour. After cooling, it was poured into 
a mixture of ammonium chloride (27g, 0.5 mol), water (100 ml) and 
ice (200 g)in a beaker (21). Violent ether refluxing commenced 
and the reaction mixture was vigorously stirred. After all the 
reaction had ceased, the organic and inorganic layers were 
separated, worked up as in 12.1.1 and the ether and benzene then 
removed by distillation. When all the benzene had distilled over, 
the flask suddenly became very hot and its contents changed colour 
from dark yellow to a dirty brown.
The solid residue was then recrystallised from petroleum 
ether (80 - 100°C), (3 x 200 ml) with charcoal, and 42 g of light 
brown crystals were isolated. Its melting point was 86°C, which 
is the reported melting point of 1,l-di(4-chlorophenyl)ethylene. 
Yield was 68^. n.m.r. spectrum confirmed the structure of the
product. Results are in Table 12.3.
12^3.2. l-(3-Chlorophenyl)-l-(4-chlorophenyl)ethylene.
7lt was prepared here by an analogous method to the one used 
for 1,1-di (4-chloroplienyl)e thane.
The apparatus and procedure were identical to reaction 12.3.1 
except of course that 3,4'-dichlorobenzophenone was used. After 
the distillation of the solvents, (ether and benzene), a reddish
brown liquid remained. It was refluxed with acetone and charcoal
(30 mins), filtered and the filtrate distilled to give 39 s(b.p. 128
0.2 mm) of a colourless product, the melting point and n.m.r.
spectrum of which indicated the fact that it was the olefin.
Yield was 63 f o . Results are in Table 12.3.
12.3.3. l-(2-Chlorophenyl)-l-(4-Chlorophenyl)ethylene.
213The procedure suggested by Cheng and Cheng for the one- 
step preparation of the title compound was attempted.
The apparatus used was the same as that used for 1,1-di- 
(4-Chlorophenyl)ethylene (12.3.1).
Sodium dried ether was used throughout the reaction. Magnesium 
turnings (4iO;g »0.17g atom) and ether (30 ml) were introduced into 
the flask. Methyl iodide (22 g,0.15 mol) dissolved in ether 
(85 ml) was placed in the dropping funnel and added slowly to the 
flask (20 mins). A solution of^jA’-dichlorobenzophenone (25 g 
0.1 mol) in ether was added dropwise (35 mins) after which the 
mixture was allowed to reflux (1 hr). It was then allowed to 
cool before pouring into 10^ aqueous hydrochloric acid (90 ml).
The product was then worked up as in 12.1.1, and after removal 
of the solvent, a dark reddish brown product remained. Attempts 
made to decolourize it as in 12.3.2, were unsuccessful. It was 
therefore distilled under reduced pressure. Just after heating 
was started, a dark red sublimate collected on the inside of the 
entire distillation apparatus. The condenser and receivers were 
cleaned and heating started again, but again sublimation was 
observed. After four unsuccessful attempts to obtain a colourless 
distillate, three dark red fractions (lg, lOg, and 2g) were 
collected. Yield was 50f o .
H n.m.r. and mass spectra showed they were relatively pure 
products. 5.g of the second fraction was dissolved in petroleum 
ether (60 - 80°C). Activated alumina (Grade l) was deactivated 
by shaking (20 mins) with water (1 .5 ml) and then allowed to 
stand (2 hr).. 50 gof it was used to pack a chromatographic column.
The solution of the olefin was poured down the column. A 
colourless elute was obtained and it was evaporated to. remove 
the solvent and redistilled to give 4.1gof an oily liquid 
(b.p. 125°C/0.5 mm). Results are in Table 12.3.
12.3.4 l-(2-Chlorophenyl)-l-(3-chlorophenyl)ethylene
It was prepared in the same way as 1,1-di(4-chloro- 
phenyl)ethylene but on half the scale.
The amounts of the reagents used were as follows:- magnesium 
turnings (3 .8  g,, 0 .1 5 gatom), ether (25 ml), methyl iodide (22 j 0 .1 5  
mol) in ether (75 ml), 2,3'-dichlorobenzophenone (32 g, 0 .1 3 mol) 
in benzene (400 ml). After work up as in 12 .1.1 and subsequent 
distillation, the n.m.r. spectrum of the product showed it was 
l-(2-chlorophenyl)-l-(3-chlorophenyl)-methyl carbinol.
The dehydration of the carbinol was carried out by the method 
154
suggested by Grummitt for 1,1-di(4-chlorophenyl)methylcarbinol.
l-(2-Chlorophenyl)-l-(3-chlorophenyl)methylcarbinol (14 g, 0.05 mol) 
was gently heated under reflux (10 mins), and then sulphuric 
acid (20fo, 14 ml) was added. Refluxing was continued for another 
fifteen minutes, the reaction mixture cooled and its n.m.r. 
spectrum taken. It indicated the presence of unconverted carbinol,
so more sulphuric acid (30^, 10 ml) was added and the flask
■■ ■ ■ . '  1 
heated again. A H n.m.r. spectrum was taken every ten minutes
after allowing the mixture to cool. After forty five minutes,
1
when the H n.m.r. spectrum did not show any carbinol, the 
product was worked up as 12.l.L before distillation to give 
12 g of an oily liquid (b.p. 112°C/0.4 mm). Yield was 38^.
Results are in Table 12.3.
1^3.5. l,l-Di-(3-Chlorophenyl)ethylene
Since no method for the preparation of the title compound was
154
reported, it was prepared by the method suggested by Grummitt 
for 1,l-di(4-chlorophenyl)ethylene in a small scale just as in 
12.3-4 but with 3,3*-dichlorobenzophenone. As in 12.3«4, a carbinol 
(13 ,2g) was obtained from the Grignard reaction. It was first 
heated under reflux (15 mins), cooled, sulphuric acid (20fo,
16 ml added), and refluxed for a further 1.3 h with periodical 
cooling and removal of samples for n.m.r. spectra. The olefin 
was purified by distillation to give 11.9g of a colourless oily 
liquid (b.p. 130°C/0.3 mm). Yield was 38^. The results are in 
Table 12.3.
12.3.^ . 1,l-Di-(2-Chlorophenyl)ethylene
Attempts were made to prepare the title compound by a one-
213
step procedure suggested by Cheng and Cheng .
The apparatus used was the same as that used for the preparation 
of 1,1-di(2-chlorophenyl)ethylene. Sodium dried ether was used 
throughout this preparation. Magnesium turnings (13.2g, 0.54g atom)
and ether (50 ml) were introduced into the flask. A solution of
2-bromochlorobenzene (96 g, 0.5 mol) in ether (200 ml) was added 
dropwise to the flask (90 mins) from the dropping funnel. The 
reaction mixture was allowed to reflux for another hour, at the 
end of which a solution of ethyl acetate (22g, 0 .2 5 mol) in ether 
(100 ml) was added (1 hr). The reaction mixture was maintained 
under reflux for six hours and subsequently decomposed with 
hydrochloric acid (10%, 200 ml). The product was then worked up 
just as in 12.1.1 and distilled to give 42,gof a colourless oily 
liquid b.p. Il6°c/0.1 mm. (The literature boiling point of the 
carbinol is 142°c/l.8mm). The '^H n.m.r. spectrum showed it was
1,l-di-(2-chlorophenyl)methylcarbinol.
The 1,l-di-(2-chlorophenyl)methyl carbinol (42g, 0.16 mol) 
was refluxed (10 mins), cooled (20 mins), and sulphuric acid 
(20%, 45 ml) was added. The mixture was allowed to reflux for 
another fifteen minutes, at the end of which the n.m.r. spectrum 
indicated complete conversion into the olefin. The product was then 
worked up as inl2el0l before distillation under reduced pressure 
to give 35g of the desired product (b.p. 143°C/2.0 mm). Yield was 
56%. Results are in Table 12.3.
TABLE 12.3.
CONSTANTS AND ANALYTICAL DATA FOR DICHLORODIPHENYLE'THYLENES
Substituent B.p.°C/mm M.p.°C Microanalysis
I Obsvd. Reptd. I Obsvd. Calcd.
' ■ ' C ^  I lfo  C fo  lif e
4,4'... 86 86a 67.45 3.84 67.47 4.02
3,4'... 128/0.2 .c 66.36 3.62
3,3'... 130/0.3 156/4.Ob 67.07 4.29
2,4'... 125/0.5 143/3.Od 6 7 .6 8 3 .8 8
2,3'... 112/0.4 c 68.39 4.26
2,2'... 108/0.2 143/2.Od 67.52 3.92
a - Ref 154 
b - Ref 214 
c - Not reported 
d - Ref 213
12.4. 1,l-Di-(chlorophenyl) ethanes
12.4.1. 1,l-Di-(4-Chlorophenyl)ethane.
154The procedure described by Grumitt for the preparation of 
the title compound by the low pressure hydrogenation of 1,1-di- 
(4-chlorophenyl)ethylene was attempted.
1,l-Di-(4-chlorophenyl)ethylene (2.5& 0.01 mol) dissolved in 
absolute ethanol (70 ml), together with Adams catalyst (0.08g)was 
placed in the flask of the hydrogenator. A pressure of 17 p.s.i. 
was obtained. Since Grummitt used 33 p.s.i. pressure for 30 mins, 
the hydrogenation was allowed to proceed for two hours. The 
catalyst was filtered off, the solvent evaporated, and the solid 
residue recrystallised for acetic acid to give light yellow crystal 
The melting point, 84°C, infra red spectrum and n.m.r. spectrum 
showed it was the olefin.
21*5The procedure described by Cheng and Cheng for the
hydrogenation l-(2-chlorophenyl)-l-(4-phenyl)ethane was
attempted next. Thus 1,l-di-(4-chlorophenyl)ethylene
(2.5 g, 0.01 mol) was dissolved in absolute ethanol, (40 ml), and
%  palladium on charcoal, (0.3g,)vas added. The mixture was
hydrogenated at room temperature in the low pressure hydrogenator
213
for seven minutes (Cheng and Cheng found five minutes was
sufficient). Analyses of the product showed it was still the
olefin (m.p. -82°C) and no trace of the hydrogenated product was 
,, 1
seen on the H n.m.r„ spectrum.
The above procedure was repeated but this time, the hydro­
genation was allowed to continue for 35 mins. The melting point 
of the product was found to be 78°C and the n.m.r. spectrum 
showed a methyl group in the region expected for the 1,1-di- 
(4-chlorophenyl)ethane. However, the major aliphatic peak was 
the olefin.
High pressure hydrogenation was next attempted. 1,1-Di- 
(4-chlorophenyl)ethylene (2.5'g» 0.01 mol) in absolute ethanol and 
Adams catalyst (O.OSg)were introduced into the vessel of the 
hydrogenator, and hydrogenation was allowed to proceed at 10. atm. 
pressure for half an hour. The mixture was removed by suction, 
filtered, the solvent evaporated and solid residue recrystallised 
to give 1.8g (m.p. 55°C) light yellow solid. Yield was 70^. 
Results are in Table 12.4.
12.4.2. l-(3-Chlorophenyl)-l-(4-Chlorophenyl)ethane.
As no method for the preparation of the title compound had
been reported, the procedure used for 1,l-di-(4-chlorophenyl)ethane 
was used. A mixture of l-(3-chlorophenyl)-l-(4-chlorophenyl)ethane 
(2.5 g, 0.01 mol), Adams catalyst (o.08g), and absolute ethanol 
(100 ml) was hydrogenated for 30 mins at 10 atm. The product 
was worked up as inl2.4.1 and 1.7g of an oily liquid (b.p. 126°c/
0.2 mm) was obtained by distillation under reduced pressure. Yield 
was 68^. Results are in Table 12.4.
12.4.3. l-(2-Chlorophenyl)-l-(4-chlorophenyl)ethane.
As the hydrogenation described by Cheng and Chengp"^ for 
the title compound had been found to be unsatisfactory for
1,1-di(4-chlorophenyl)ethane, the procedure by which the latter 
had been successfully prepared was first attempted as in 12 .4.1. 
However, the •'b n.m.r. spectrum of the product showed that 
conversion of the olefin was incomplete.
The hydrogenation time was increased to three hours from 
half an hour, but still the "*H n.m.r. spectrum indicated the 
presence of the olefin.
l-(2-Chlorophenyl)-l-(4-chlorophenyl)ethylene (5; g, 0.02 mol) 
was then dissolved in absolute ethanol (100 ml) and 0.5/6 palladium 
on charcoal (0.8g) added. The mixture was hydrogenated at 10 atra 
* for half an hour. The catalyst was filtered off and the solvent 
evaporated to give an oily residue which was distilled to give 4.6 
of the desired product (b.p. 107°C/0.1 mm). Yield was 92^.
Results are in Table 12.4.
12.4.4 l~(2-Chlorophenyl)-l-(3-chlorophenyl)ethane.
Since there was no reported method for the preparation of 
the title compound, the procedure used for the preparation of 
l-'(2-chlorophenyl)-l-(4-chlorophenyl)ethane was first tried.
A mixture of l-(.2-chlorophenyl)-l-(3-chlorophenyl)ethylene 
(5.0.g ,0.02 mol), absolute eihanol (100 ml), and 5$ palladium on 
charcoal was hydrogenated at 10 atm (35 mins). The catalys’t , 
was filtered off, ethanol removed by evaporation and the residue 
distilled to give 3.8g of an oily liquid (h.p„ l09°C/0.09 mm). 
Yield was 76^. Results are in Table 12.4.
12.4.5. 1,1-Di(3-chlorophenyl)ethane.
No method for the preparation of the title compound was 
available, so that an analogous method to the previous one was 
first attempted.
Hydrogenation (10 atm, 35 mins) of 1,l-di(3-chlorophenyl)- 
eihylene (5.0g, 0.02 mol) in absolute ethanol (100 ml) with 
5fc palladium on charcoal was carried out and the reaction mixture 
subsequently worked up as in 12.4.1 and distilled to give 4.0 gof 
an oily liquid (b.p. 146°C/0.6mm). Yield was 80$. Results are 
in Table 12.4.
12.4.6. 1,1-Di(2-chlorophenyl)ethane.
No method for the preparation of the title compound was 
available in the literature. Attempts were therefore made to 
prepare it just like the ethanes in 12.4.3 to 12.4.5.
Hydrogenation (10 atm, 35 mins) of 1,l-di(2-chlorophenyl)- 
ethylene (5 .0 a 0 .0 2 mol) in absolute ethanol (100 ml) with 5^ 
palladium on charcoal was therefore carried out. The reaction 
mixture was worked up to give 3 .9 gof a colourless oily liquid 
(b.p. lo6°c/0.1 mm). Yield was 78^. Results are in Table 12.2.
Its ^  n.m.r, spectrum showed an additional quartet slightly 
upfield to the expected quartet. The g.l.c. chromatogram 
indicated two additional peaks of retention times lower than 
the expected compound.
TABLE 12.4.
CONSTANTS AND ANALYTICAL DATA FOR unsym~DICHL0R0DIPHENYLETHANES
Substituent
o / o
B.p. C/mm M.p. C
Obsvd. Reptd. I
Microanalysis
Obsvd.
cjo H$
4,4’ 55 55® 67.17 4.72
3,4’ 126/0 .2 b 68 .8 0 5.16
3,3* 146/O06 b 68.34 4.29
2,4’ 107/0.1 128/1.5° 67.59 4.75
2 » 31 . 109/0.09 b 6 6 .3 3 3.99
2 ,2 ’ I06/0 .I b 68.80 5.09
a Ref 154 
b Not reported 
c Ref 213
Calcd.
C fo.
66.93 4.78
CHAPTER 13
SPECTROSCOPY AND CHROMATOGRAPHY ON STANDARD COMPOUNDS
13.1. Mass spectra
The mass spectra of all the standard compounds were run as 
outlined on page 113. The masses of the prominent peaks of the 
four series of compounds are given below:
TABLE 13.1.
Compounds Parent 
peak (m/e)
Dichlorodiphenylethanes
Dichlorodiphenylethylenes
Dichlorobenzophenones
Dichlorodiphenylmethanes
250
248
236
250 215, 180, 139a, HI 
20la, 166, 165, 159 
233, 215, 178a, 151 
235a, 234, 215, 201
Molecular weights are based on Cl 
3 - Base peak
35
13.2. Gas-liquid Chromatography
Gas liquid chromatographic analyses were carried out as
described on page 114
13 .2.1 Dichlorobenzophenones
A solution of the six isomers {5fo) in acetone was used.
Inj actions (0.1 ml) were made with a syringe on the following 
columns at the temperatures mentioned.
Column
10/, SE 30 on chromosorb G AW DCMS 
80 - 100 mesh
t SE 30 on chromosorb G AW DCMS
80 - 100 mesh (with temperature 
programming)
3/ SE 30 on chromosorb G AW DCMS
80 - 100 mesh
2^fo 0V 17 on chromosorb G AW DCMS 
80 - 100 mesh
2j$> Carbowax 20 M on
Chromosorb W 80 - 100 mesh
2m x 2mm
Temp.(°C) Remarks
150 . Inefficient
J 160
170
180
140-180/5°Sec
S
Separation of 
3,4’ and 4,4* 
dichlorobenz­
ophenones
J
Resolution
unsatisfactory
Resolution
unsatisfactory
Good separation 
in 50 min
Good separation 
in 22 min.
The following are the optimum conditions for separation of 
dichlorobenzophenones.
Instrument Perkin Elmer
Detector Fll
Column 2 carbowax on chromosrob
Oven Temperature 
Injector Temperature
Nitrogen pressure 24 p.s.i.
180°C
200°C
(Continued)
Air pressure 19 p;s.i
Hydrogen pressure 22 p.s.i
Chart speed 5 mm/min
(The retention times are given in Table 13.3)
After obtaining conditions for a good separation of the 
ketones, the next step was to examine the reproducibility of the 
chromatograms on subsequent injections. It was found that the 
above conditions were appropriate for reproducible injections.
The identity of each peak was ascertained by adding minute 
amounts of the standard compounds to the test solution and 
assignments were thereby made to the peak which increased in 
intensity after the addition.
The peak responses of all the isomers were measured so as to 
check whether the above conditions could be used to calculate the 
isomer ratios. The peak areas were calculated from the product 
of peak height and width at half peak height.
On comparison of the peak areas of the six isomers with the 
amounts present in the test solution, it was found that the areas 
were proportional to the weights of the isomers in the solution. 
Since all the dichlorobenzophenones were chromatographically pure,
i.e. each compound gave one peak only and did not decompose at 
the injection temperature of 200°C, it was possible to confirm the 
fact that the peak responses of all the six isomers were equal. 
This was further verified by examining another solution of the 
six isomers (6.2/) containing varying amounts of the compounds.
A large number of organic compounds were injected in 
acetone solution, to find a suitable internal standard and 
benzophenone was found to be the best. The following table 
shows the retention times.
TABLE 13.3.
Retention times (min)
20.0 
31.1
33.0
34.8
36.8
38.0 
41.6
13.2.2. Dichlorodiphenylmethanes
A solution of the six isomers (3/) in acetone was prepared and 
injected (0.1 ml) onto the 2^/ carbowax on chromosorb column under 
the conditions used for the separation of the dichlorobenzophenones.
Remarks 
Inefficient 
separation 
Reasonably good 
separation
As for the dichlorobenzophenones the reproducibility of the 
chromatograms were first checked by making several injections.
C olurnn Temp.( C)
2^/ Carbowax on chromosrob W 180
AW DCMS 80 - 100 mesh T
160
Compound
Benzophenone
2,2’-Dichlorobenzophenone 
2,3’-Dichlorobenzophenone 
2,4’-Dichlorobenzophenone 
3,3'-Dichlorobenzophenone 
3 > 41-Dichlo robenzophenone 
4,4*-Dichlorobenzophenone
The identity of each peak was ascertained next by adding 
requisite amounts of a standard dichlorodiphenylmethane to 
the solution and making assignment to the peak which increased 
in intensity. This was repeated for all the-'isoners.
The peak responses for all the six isomers were checked as 
before, i.e. by comparison of the amounts present in the mixture 
to the peak areas calculated. The six isomers were also all 
found to be chromatographically pure, i.e. six separate peaks 
were obtained which confirmed the fact that they did not 
decompose at the injection temperature of 200°C. Benzophenone 
was also found to be a good internal standard for the dichloro- 
diphenylmethanes. The following table shows the retention times 
obtained.
TABLE 13.3.
Compound Retention time (min)
2,21-Dichlorodiphenylmethane 9.9
2,3*-Dichlorodiphenylmethane 11.4
2,4'’ -Dichlorodiphenylmethane 12.0
3,3*-Dichlorodiphenylmethane 12.7
3,4b-Dichlorodipheny line thane 13.3
4,41-Dichlorodiphenylmethane 13.9
Benzophenone 16.1
13.2.3. Pichlorodiphenylethanes
A solution of the six isomers (5/) in acetone was prepared 
and 0.1 ml of it injected into the -following- columns.
Column
2 Carbowax 20M on chromospub 
W 80 - 100 mesh 
2 0V 17 on chromosorb G AW 
DCMS 80 - 100 mesh
yjo OV 1 on chromosorb G 
AW DCMS 80 - 100 mesh
5$ Neopentyl glycol adipate on 
chromosorb W 80 - 100 mesh
5$ Neopentyl glycol adipate on 
chromosrob W 80 - 100 mesh 
with temperature programming
1 Fluoro silicone oil on 
Chromosorb W AW DCMS 80 - 100 mesh
Temp.(°C) 
180
180
100
Remarks 
Inefficient 
separation 
3 peaks in 58 min
5 peaks in 8 min
170 6 peaks in 15 min
but separation 
not good.
l6o-200/8°min No improvement 
in separation
J
170
11*5jo Silicone fluid M550 + 11s#
Bentone 3^ on chromosorb W 80 - 100 mesh) 170
5fc FFAP on AW DCMS Chromosorb G 7 210
80 - 100 mesh
15/0 Di-isodecylpthalate on Chromosorb ") 200 
P 80 - 100 mesh
15# Diethylene glycol succinate on 7 180
acid washed celite DCMS 85 - 100 mesh
6 peaks but very 
bad resolution.
Only 3 peaks in 
32 min.
Fairly good 
separation
Unsatisfactory 
separation in min
Good separation 
in 38 min.
The maximum temperature of a diethylene glycol succinate 
column is 200°C, so a lighter packed column was prepared and used.
The following are the conditions for the separation of 
the isomeric dichlorodipheaylethanes that were generally used.
Perkin Elmer 
Fll
6^ Diethylene glycol succinate 
150°C 
200°C 
20 p.s.i.
24 p.s.i.
24 p.s.i.
5 rara/min
Attempts were made to check reproducibility of the 
chromatograms, peak identity and peak responses in the same 
way as in 13.2.1 and 13.2.2. Eight peaks (i.e. two minor peaks 
of low retention time with intensity of about one-tenth of the 
six other peaks) were seen. By injecting solutions of the 
isomers separately, it was found that the two components 
belonged to 2,2’- and 3,4r-dichlorodiphenylethanes. The peak 
responses could be determined for the remaining four isomers 
only. The peak responses were found to be equal for the four 
isomers, so it was assumed that all six were equal (as for the 
six dichlorobenzophenones and dichlorodiphenylmethanes).
Methyl.stearate was found to be a good internal standard. 
The following table shows the retention times obtained.
Instrument,
Detector
Column
Oven temperature 
Injector temperature 
Nitrogen pressure 
Air pressure 
Hydrogen pressure 
Chart speed
TABLE 13.4.
Compound Retention time (min)
Methyl stearate 14.1
1.1-Di(2-chlorophenyl)ethane lo.O
l-(2-Chlorophenyl)-l-(3-chlorophenyl)ethane 17.8
l-(3-Chlorophenyl)-l-(4-chlorophenyl)ethane 20.4
1.1-Di(3-chloropheayl)ethane 23.0
l-(3-Chlorophenyl)-l-(4-chlorophenyl)ethane 26.2
1.1-Di(4-chlorophenyl)ethane 28.8
13.3. Nuclear Magnetic Resonance
13.3.1. ■*H n.m.r.
The instrument and details are in Chapter 12 page 114 
The chemical shifts of the aliphatic protons of the standard 
compounds are given in Tables 13-3. - 13.7. The shifts are 
given in p.p.m. downfield from tetraraethyl silane.
Compounds D i c h 1 o r o d i phe ny 1 me tha ne s i C1C6H4CH2C6H4C1-'
TABLE 13.5.
Isomer
2,2’
2,3’
2,4’
3,3’
3,4’
4,4’
'&
4.1752
4.0724
4.0452
3.8923
3.9021
3.9053
Figure 13.1.
H n.m.r. spectrum of Di-(4-chlorophenyl) methane (Table 13.5)
i
< ij i
H n.m.r. spectrum of l-(2-chlorophenyl)-l-(4-chlorophenyl) ethane (Table 13.
Compounds Dichlorodiphenylethylenes (ClC^H^ ^ C-CH^
TABLE 13.6.
Isomer
2,2’ 5.6678
2,3' 5.80*44 5.3154
2,4’ 5.7914 5.2873
.3,3'. 5.4824
3,4’ 5.4451
4,4’ 5.4337
(Spectra of 2,4' and 4,4' isomers are given on page 150.'
a b
Compounds:- Dichlorodiphenylethanes CIC^H^CH'(CH^)C^H^Cl
TABLE 13.7.
Isomer
Ha *b J , Hz ab
2,2’* 4.9313 1.5738 7.29
2,3’ 4 .6065 1.5787 7.0257
2,4’ 4.5995 1.5738 7.03
3,3* 4.0647 1.5786 7.3183
3,4’* 4 .0645 1.5721 7.03
4,4’ 4.0875 1.5851 7.29
For both these compounds, an additional quartet and doublet 
slightly downfield of the one quoted were also seen, (in the 
tenth peak areas).
Figure 13.2.
n.m.r. spectrum of l,l-di-(4-chlorophenyl) ethylene (Table 13.6)
<“ 'c
1
• i H > \ > V ‘ » i *. 4
H n.m.r. spectrum of
l-(2-chlorophenyl)-l-(4-chlorophenyl) ethylene at 100°, 130°, l6o°, and 
(Table 13.6 and Chapter 9.3).
CHAPTER 14
DICHLOROBENZOPHENONES FROM PHOSGENE
:iiJ
Reagents and Techniques (for this and the following chapters )
The following is a list of reagents used together with the 
supplying companies
Chlorobenzene (AR), nitromethane, phosgene, titanium 
tetrachloride, ferric chloride and bromobenzene were from Fisons, 
aluminium chloride (anhydrous) and 1,1-dichloroethane were from 
Cambrian Chemicals and fluorobenzene and iodobenzene were supplied 
by Koch Light. 4-Chlorobenzyl chloride and nitrobenzene were 
obtained from Aldrich. Vinyl chloride was supplied by IcC.I.
Plastics, Welwyn Garden City. The chemicals were used as such 
without further purification.
Melting points and boiling points were determined by a 
precalibrated thermometer.
The ^H n.m.r. spectra were run on a Hitachi Perkin Elmer 
High Resolution NMR instrument R24A operating at 6(3 M/C. All the 
spectra and integrals were run at amplitude of 6 - 9 unless otherwise 
mentioned. Sweep time was 300 sec.
G.l.c. analyses were run on the Perkin Elmer instrument as 
described on page 114. The identity of the dichlorodiphenyl 
compounds were ascertained by the addition of adequate amounts of 
the standard compounds to the reaction product (in chlorobenzene) 
and assignments were thereby made. The isomer ratios were calculated 
from the values from at least five chromatograms.
REACTION BETWEEN PHOSGENE AND CHLOROBENZENE
132The procedure described by Mironov and his coworkers was 
followed here. Phosgene (49.5 g, 0.5 mol), was dissolved in 
chlorobenzene (157 g, 1.4 mol) in a preweighed flask (500 ml), over 
1.2 hi The reaction set-up was the same as that used for the 
preparation of 4,4’-dichlorobenzophenone, page 116. The path for the 
exit gases was through three dreschel bottles containing dilute ammonia. 
There was, therefore, no arrangement for following the extent of 
reaction by titration of evolved hydrogen chloride.
The reaction flask was flushed with nitrogen before introducing 
chlorobenzene (68 g, 0.4 mol) and aluminium chloride (100 g, 0.75 mol).
The phosgene solution was transferred into the dropping funnel with the 
aid of a bent adaptor. It was then added to the yellow emulsion in 
the flask over 15 min, with stirring. The coutents of the flask 
changed colour to or3ngeish-red. As there did not appear to be any 
reaction (no fumes of hydrogen chloride in the flask), the temperature 
was raised to 50°C. Violent evolution of hydrogen chloride was observed, 
so the ni/trogen was turned off and heating removed. Meanwhile, the 
dreschel bottles became filled with ammonium chloride. The acid 
evolution was over in ten minutes, by which time the temperature had risen 
to 100°C. The stirring was allowed to continue for another hour during 
which time the flask had cooled to room temperature. The solution had 
turned dark brown after reaction; water (100 ml) was added to decompose 
the complex. Approximately 5 ml of the mixture was removed, aqueous and
organic layers separated and samples from the latter examined bjr gas 
liquid chromatography. The following table shows the isomer 
distribution of the dichlorobenzophenones.
TABLE 14.1.
Dichlorobenzophenone 
2,2’
2,3’
2,4’
3,3'
3,4’
4,4*
1.8 
>1 
38.9 
> 1 
17.7 
42.6
CHAPTER 15
Dl(HALOPHENYL) METHANES FROM 4-CHLOROBENZYL CHLORIDE
AND METHYLENE CHLORIDE
15.1. Reactions between 4-chlorobenzyl chloride and chlorobenzene.
5.1.1. Aluminium chloride and nitromethane catalyst.
The apparatus used for the preparation of 4,4-dichlorobenzo- 
phenone and other ketones (page 1 1 6) was used here with one 
modification. The aluminium chloride dispenser was replaced with 
a two way adapter connected to a second dropping funnel (25 ml) 
and a serum cap.
4-ChlorobenzyI chloride (40.25 g, 0.25 mol) dissolved in 
chlorobenzene (5 6 .2 5 g, 0 .5 mol) was placed in a dropping funnel.
The catalyst solution comprising aluminium chloride (0.5 g,
0 .0 0 3 8 mol), dissolved in nitromethane (0 .7 5 g, 0 .0 1 2 mol) and 
chlorobenzene, (6 .2 5 g, 0 .0 6 mol), was introduced into the other 
dropping funnel. Chlorobenzene (50g, 0.44 mol), was placed in the 
flask after flushing it with nitrogen (10 mins). About 10^ of 
the reactants were added and then on addition of a few drops of 
catalyst, the mixture turned red, and the temperature rose from 
21° to 24°C. The flask was then heated to about 100°C. Hydrogen 
chloride gas was evolved seven minutes after catalyst addition. 
Samples of the reaction mixture (0.5 ml) were removed with a syringe 
via the serum cap every half hour. n.m.r. and g.l.c. analyses 
were carried out on these and the isomer ratios of the 2,4’-, 3,4'- 
a n d 4,41-dichlorodiphenylmethanes were worked out. 4-Chlorobenzyl 
chloride was not evident on the H n.m.r. spectrum. The progress of 
the reaction was followed by hydrogen chloride evolution, more 
reactant and catalyst being added when the acid evolution lessened. 
The reaction temperature was maintained between 100 - 120°C.
At the end of three hours, when all the reactant had been 
added and acid evolution had died down, the product was allowed 
to cool, and potassium carbonate (10 g) added, after which the 
product was allowed to stand (l hr), The dessicant was filtered 
off, and the filtrate distilled to remove chlorobenzene and other 
low boiling side products (b.p. 131 - 156°C). The residue was 
distilled under vacuum, and three fractions were obtained as shown 
on the following table.
TABLE 15.1.
Fraction B.p. (°C/mm) W t . (g)
1 100/14 0.3
2 100-118/14 10.2
3 120-250/14 30.9
The ratios of the 2,4’-, 3,4’- and 4,4,-dichlorodiphenylmethanes 
in the three fractions were then calculated from n.m.r.spectrum 
and g.l.c. analyses.
TABLE 15.2.
Fraction Isomer distribution $
G.l.c.
A ____ -
+H n.m.r.
r  " .
2,4* 3,4* 4,4* 2,4* 3,4* + 4,4*
1 49.1 1.9 49.0 50.0 50.0
2 48.8 1.2 50.0 49.1 50.9
3 31.0 1.2 6 7 .8 30.0 70.0
The reaction was then carried out in the same way with several 
other common Friedel-Crafts catalysts with or without nitrocompounds, 
as shown in the following table. In the reactions where nitrocompounds
were not added, a solution of the catalyst in chlorobenzene was 
used. The amounts of chlorobenzene and 4-chlorobenzyl chloride 
were the same as in experiment 15.1.1; 0.0038 mol of the catalysts
were used , and was added to 0.12 mol of nitrocompound where
necessary
TABLE 15.3.
Expt. Catalyst Temp. (°C ) Time (h) : 
95^ rea
15.1.1 A1C13 in CH3N02 100 - 120 3.0
15.1.2 a1c13 110 5.8
15.1.3 Sbd, in CH,N0o 5 3 2
130 3.4
15.1.4 SbClf-
5
120 5.1
15.1.5 TiCl, in CH,N0o 4 3 2 130 2.7
15.1.6 TiCl4 130 2.9
15.1.7 FeCl^ in CH^NOg 130 2.7
15.1 .8 Fed,j 125 2.9
15.1.9 FeCl^ in C6H5N02 i30 2.8
15.1.10 Mo (C0)6 in CH^NOg 130 3.1
15.1.11 A1C13 in CH3N02a 125 3.2
15.1.12 TiCl^ in CH3N02b 130 3.1
a '« *■-A ratio of 4-chlorobenzyl chloride:; chlorobenzene of 1 : 4 was
used in all reactions, but in this one, the ratio was 1 : 6, i.e. 
the flask contained lo6.5g chlorobenzene instead of 56.25g.
4-chlorobenzyl chloride and all the chlorobenzene were present 
in the flask and this was heated to 130 C, when refluxing 
commenced and catalyst addition was carried out as usual. A 
lot of frothing was observed in the flask.
TABLE 15.4.
Expt. Isomer Distribution
G.l.c. *11 n.m.r.
| 2,4’ 3,4* 4,4* 1 1 2,4’ 3,4’, 4,4
1 5 .1 .1 41.5 1.2 57.3 40.0 6 0 .0
15.1.2a 29.1 18.0
a
21.5 4 3 .oa 50.0
15.1.3 40.0 >1 6 0 .0 42.9 57.1
15.1.4 43.6 1.9 54.5 50.0 50.0
15.1.5 36.9 1.4 61.7 36.4 6 3 .6
15.1.6 43.7 2.2 54.1 45.2 54.8
15.1.7 41.3 1.4 57.3 b
15.1.8 42.2 1.5 56.3 b
15.1.9 43.8 >1 5 6 .2 b
15.1.10 46.0 >1 54.0 b
15.1.11 37.9 1.2 60.9 39.0 6 1 .0
15.1.12 44.0 2.2 53.8 c
a The H n.m.r. spectrum showed the singlet for 2,2’-dichloro- 
diphenymethane - 7fo» The chromatogram showed additional 
isomers 2,2' (6.4), 2,3' (14.2) and 3,3r (10.8$).
b The *H n.m.r. spectra could not be run on these experiments
due to the paramagnetic element in the catalyst.
c The *H n.m.r, spectrum showed a large number of unknown peaks.
The chromatograms of 1 5. 1.2 and 15.1.6 are shown on the following 
page.
Figure 15.1
Chromatograms of products from reactions with 4-chlorobenzyl
chloride (di-(chlorophenyl) methanes only shown)
TT
IN
A B
^-Time Time
A Chromatogram of experiment 15.1.2.
B Chromatogram of experiment 15.1.6.
Di-(chlorophenyl) methane
a - 2,2* 
b - 2,3’ 
c - 2,4'
d - 3,3' 
e - 3,4’ 
f - 4,4'
15.2. Reactions between methylene chloride and chlorobenzene
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The procedure followed at the I.C.I. Plastics Division for 
preliminary investigations on this reaction was followed for these 
reactions with various modifications.
15.2.1. Small scale experiment with aluminium chloride catalyst.
The apparatus used for the preparation of 4,4’-dichlorobenzophenone, 
page 116 , was used here, substituting the dropping funnel for a two 
way adapter connected to a serum cap and a burette with a quickfit 
end and a pressure equalizing tube.
Methylene chloride was first purified as follows:- 50 ml was 
washed with sodium carbonate solution (5f0, 2 x 60 ml) and water 
(2 x 70 ml). The organic layer was dried overnight over anhydrous 
calcium chloride. It was distilled just before the start of the 
reaction, and the fraction boiling between 40 — 41°C was used.
The flask was flushed with nitrogen (1.0 mins) before introducing 
chlorobenzene. (11 2 .5 g» 1 .0 mol) and aluminium chloride (0 .6 5 g,
0.05 mol). The suspension in the flask was heated to 40°C and then 
purified dichloromethane, (0.33 ml, 1 .1 g, 0 .0 1 mol) was added from 
a burette containing 16 ml, 21.25 g of dichloromethane. There was no 
sign of reaction (no hydrogen chloride was evolved), so the temperature 
was raised to 50°C. More dichloromethane was added at the rate 
2 ml/30 rain. At the end of the first hour, some hydrogen chloride 
(one fifteenth of the theoretical amount) was evolved. The reaction 
was allowed to proceed for 9 .2 h and samples (0 .5 ml) were' removed 
every half hour via the serum cap for n.m.r. and g.l.c. analy.3?ss
It was appa rent, by fci fcru fcion of the evolved hydrofoil chloride 
that oily' 3f0 'reaction had occurred. The n.n.r, spectrum of the 
samples revaovod when run at high amplitude (12, 13), showed peaks 
for dichlorodiphenylmethane and dichloromethane. The chromatogram 
run at a high sensitivity (5 x 1) showed all six of the dichloro--' 
diphenylmethanes in addition to the solvent peak.
,15.2.2. Large scale experiment with aluminium.chloride catalyst.
The apparatus used for the preparation of '4,4’—diehlorobenzo-■ . 
phenone was used here with the modifications of experiment 1 5.2 .1 . 
The reactants were present in five times the amounts used in 
experiment 15.2.1. Thus chlorobenzene (562.5 g, 5.0 mol) and 
aluminium chloride (3.2 g, 0.024 mol) were heated to 40°C and then 
dichloromethane (4.0 ml, 5.5 g, 0 .0 6 mol) from a burette containing 
dichloromethane (80 ml, 106.25 g, 1.25 mol) was added. The reaction 
temperature was maintained at 50 - 2°C, and the addition of 
dichloromethane was carried out at the rate of 4 ml/30 min. At 
the end of the sixth hour, more catalyst (1.6 g, 0.01 mol) was 
added when it was observed that no acid evolution occurred after 
dichloromethane addition.Samples (0.5 ml) were removed as before 
via the serum cap. n.m.r. and g.l.c. analyses were carried out 
on these^samples. At the end of 8.5 h, when 95/6 of the theoretical 
hydrogen chloride had been evolved, the reaction was terminated by 
the addition of methanol (10 ml).
After cooling, the product was dried over potassium carbonate 
(30 g, 2 h). This was filtered off and the filtrate distilled at 
atmospheric pressure to remove chlorobenzene and low boiling side 
products.
On distilling the residue under reduced pressure the following 
fractions were obtained.
TABLE 15.5
Fractions b.p. (°C/mm) Wt (g)
1 40/15 12.1
2 180-188/15 6.0
3 190-250/15 108.3
Inspection of the n.m.r. spectra and chromatograms of samples 
removed during the reaction showed evidence of very little isomerization 
of the dichlorodiphenylmethanes (about 2^). The n.m.r. spectrum of 
the distillate obtained at atmospheric pressure showed the presence of 
chlorobenzene and some methyl compounds. The three fractions collected 
at reduced pressure were analysed by n.m.r. and g.l.c. The 
isomer distributions of the dichlorodiphenylmethanes obtained is 
shown in the table below.
TABLE 15.6 
Isomer.Ratios fo
G.l.c. 1^1 n.m.r.
Fraction |2,2' 2,3' 2,4’ 3,3’ 3,41 4,4’I 12,2f 2,3’+ 3,3* +3
2,4' + 4,4'
,
2 —  8.2 27.2 14.8 20.0 22.4 7.4 8.4 40.6 52.0
3 6.8 24.5 14.8 22.1 22.4 9.4 8.7 36.8 54.5
a !
G.l.c. and h  n.m.r. analyses showed very little^di(chlorophenyl) 
methanes. Some methyl compounds were seen on the H n.m.r.
Fractions 2 and 3 were combined and fractionated under pressure. 
They were transferred into a two necked flask (250 ml) with a nitrogen
bleed and a thermally insulated column filled with packing. The 
column was fitted with a Perkin triangle. A sand bath heated with 
a burner supplied the heat. It was possible to maintain a good 
reflux ratio, and seven fractions were collected.
TABLE 15.7.
Fractions b.p. (°C/mm) Wt. (g)
1 150/2 6.2
2 150-152/1.8 1.1
3 150- 152/2 1.2
4 153/1.8 7.0
5 153/1.6 9.1
6 153/2 11.6
7 154/2 62.0
All these fractions were analysed by g.l.c. and n.m.r. The 
isomer distributions of the dichlorodiphenylmethanes are given below.
TABLE 15.8.
Fractions Isomer Ratios $
G.l.c. n.m.r.
J2,2* 2,3' 2,4* 3,3' 37^ 4,4* 1 I 2,2* I 2,3' + I 3,3' + 3,4*1 
I I I  I 2,4* ! + 4,4’ 1
1 9.3 33.1 15.3 19.8 17.0 5.5 8.2 47.6 44.2
2 8.3 28.5 15.7 21.9 17.9 7.7 8.7 44.2 47.1
3 9.3 27.2 16.0 20.1 18.7 8.7 9.2 42.4 48.4
4 9.0 27.7 15.2 19.3 18.4 10.4 8.5 42.5 49.0
5 8.1 22.3 14.6 19.9 20.6 10.5 9.4 40.0 50.6
6 7.3 25.2 14.8 21.1 20.8 10.8 8.2 41.5 50.3
7 5.1 22.0 14.4 22.9 23.7 11.9 5.7 36.4 57.9
repeated as in experiment 1 5.2.2 with several 
mol), using the same amounts of chlorobenzene 
same addition rate of the latter. The
The reaction was 
other catalysts, (0.024 
and dichloromethane and the 
results are shown in the table below.
TABLE 15.9.
Expt. Catalyst
15.2 .1 Aid,j
15.2 .2 . ai d 3
15.2.3. Sbd_5
15.2.4. TiCl,
4
15.2.5. Fed-
15.2.6. AlCl, in CH,NOoa
j J ‘Z
15.2.7. MO (C0) 6
r
1 5.2 .8 . A i d
Rema rks
8f0 reaction
Complete reaction
Less than lf0 reaction by hydrogen 
chloride evolution, n.m.r. 
spectrum showed methyl hydrogens.
As in expt. 15.2.3.
About 2f0 reaction by acid evolution 
g.l.c. analysis at high sensitivity 
( x 1) showed a mixture of 
dichlorodiphenylmethanes.
Less than lf0 reaction. n.m.r.
spectrum showed several aliphatic 
hydrogens.
No acid evolution and neither 
g.l.c. chromatogram or n.m.r.
showed di-(chlorophenyl) methanes.
Complete reaction
Q  / \
Aluminium chloride (3.2 g, 0.024 mol) was dissolved in nitromethane 
(4 g, 0 .0 6 mol).
k The reaction was repeated in exactly the same way as experiment
15.2.2. in order to check whether reactions 15.2.3. ... 15.2.7. 
had not worked because of any mistakes on the part of the research 
worker, or ^>ecause of the catalyst. However, the results, (acid 
evolution, H n.m.r. spectrum, and chromatogram)were the same as 
experiment 1 5.2.2.
15.3. Reactions between 4-chlorobenzyl chloride and halobenzenes.
■15.3.1. Fluorobenzene
The apparatus used in experiment 15.1.1. was used here. The 
procedure of experiment 1 5.1 .1. was followed with fluorobenzene instead 
of chlorobenzene. 4-Chlorobenzyl chloride (40.2 g, 0.25 mol), was 
dissolved in fluorobenzene (48.0 g, 0.5 mol) and this was added at 
intervals to a flask containing fluorobenzene (43.2 g, 0.45 mol). The 
catalyst solution comprised of aluminium chloride (0 .5  g, 0 .0 0 3 8 mol) in 
nitromethane and fluorobenzene (4.8 g, 0.05 mol). The reaction mixture 
turned brown on addition of the reactants, and the temperature was 
maintained between 60 - 65°C. Some fluorobenzene evaporated, so 10 ml 
was added at the second hour. Samples (0.5 ml) from the reaction mixture 
were removed for examination by n.m.r. and g.l.c. 95^ of the theoretical 
hydrogen chloride was evolved in two and a half hours, after which the 
reaction was stopped. The isomer distribution of the product di-(halophenyl) 
methanes was calculated from the results of n.m.r. and g.l.c. and 
are in Table 15. 10.
The reaction was repeated in the same way with bromobenzene and 
iodobenzene. The results are in Table 15.10*
TABLE 15.10.
Expt. Halobenzene Temp Time Colour
(°C) (h)
Isomer Distribution
G.l.c. H n.m.r.
2,4' 3,4' 4,4' 1 12,4' 3,4' + 4,4<
15.3.1. Fluorobenzene 6 0 -6 5 2.5
15.1.1. Chlorobenzene 100-120 3.0
15.3.2. Bromobenzene 130-140 3.2
1_
1 5.3 .3 . Iodobenzene 155-165 3.2
red 18.2 5 .7  7 6 .1
brown 4 1 .5 1 .2 5 7 .3
yellow 40.3 3.9 5 5 .8
yellow 45.6 1 54.4
20.0
40.0
42.1 
45.6
80.0
6 0 .0
57.9
54.4
a - The yellow .mixtures obtained gradually turned brown in the second 
hour of reaction.
b - On each addition of the catalyst, violent refluxing commenced.
CHAPTER 16
1,1-DI-(CHL0R0?HENYL) ETHANES FROM VINHj CHLORIDE AND 1,1-DICHLOROETHANE
16.1. Reactions between vinyl chloride and chlorobenzeae
The procedure used in these reactions was based on a reported
157 •method and the preliminary investigations carried out at I.C.I.
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Plastics Division.
Precautions in vinyl chloride handling:-
Duo to the high toxicity and extreme flaramability of vinyl 
chloride, it was handled with great care. Thick rubber gloves were 
invariably worn, and the hood of the fume cupboard was kept shut as far 
as possible. No flames or electrical equipment were present in the 
vicinity of the experiment. A compressed air stirrer was used because 
of the possibility of sparking if an electric motor was used.
16.1.1. Aluminium chloride catalyst:- (30 - 5°C)
As the reaction involved condensation of vinyl chloride, a 
modification of the apparatus used for the preparation of 4,4’- 
dichloroben.iophenone was used, as shown in figure 16.1. A five uecked 
reaction flask, A, was fitted with a mercury sealed stirrer, B, 
aluminium chloride dispenser, C, thermometer, D, three dry ice traps,
E, F and G, a serum cap, H, and a nitrogen inlet I. The vinyl chloride 
collection trap E was connected through a liquid paraffin bubbler, J, an 
anti suck-back vessel K and two T pieces L and M to the vinyl chloride 
condenser N. The open ends of the T pieces L and M were attached to a 
nitrogen inlet, and a mercury filled pressure device 0 , with one end 
open to the atmosphere. The function of the dry ice trap G to
condense any vinyl chloride which may have evaporated from the 
collection trap E. The latter was graduated from 0 to 80 ml. and was 
connected to an arrangement for titrating the evolved hydrogen chloride 
gas. .F was filled with dry ice to condense any vinyl chloride 
escaping from the reaction flask. Nitrogen was led into the flask 
at I through an anti-suck hack vessel P and a liquid paraffin bubbler Q. 
All the connections were of PVC. The stirrer B was connected to a 
compressed air motor.
Nitrogen was passed at L (15 mins) and methylated spirit and solid 
carbon dioxide, were introduced into the traps E, F and G. The valve oh 
the vinyl chloride cylinder N was opened and a few minutes later, 
condensation of vinyl chloride was observed in the trap E. The 
condensation was carried out until 80 ml (1 .3 mol) was collected (50 mins). 
The reaction flask was flushed with nitrogen (20 rains) and chlorobensene
(562.5 g, 5.0 nol) was introduced. Aluminium chloride (6.1 g, 0.05 mol)
was transferred into the dispenser. Vinyl chloride (11 ml, 0.18 mol) 
was then introduced into the vessel after slightly increasing the flow of 
nitrogen at I. The temperature in the flask dropped from 21 to 18°C 
on the addition of vinyl chloride and the nitrogen at I was brought bo 
normal. After ten minutes, aluminium chloride was introduced and the 
colour of the contents in the flask then changed from yellow to dark
yellow and finally dark orange. An ice bath was placed below the flask.
Hydrogen chloride was evolved and was titrated as before. When 
evolution of hydrogen chloride slowed down, more vinyl chloride was 
added. The temperature was maintained at 30 - 5°C b}T placing the ice 
bath on a laboratory jack so that the bath could be raised or lowered 
around the reaction vessel. Solid carbon dioxide was added regularly to 
the traps E, F and especially to F/. One difficulty in this experiment
oCO
o
o
was the splashing of mercury from the stirrer due to the pressurer. 
changes in the reaction flask, during vinyl chloride addition, in spite 
of the constant pressure device 0. Attempts were made to check this by 
sealing the open end, but without much success, because the seal could 
not be made very tight as it would then obstruct the movement of the 
compressed air stirrer. However, the reaction was allowed to continue 
in spite of this, and samples (0.5 ml) of the product were removed every 
half hour and analysed by Vn.m.r. and g.l.c. At the end of 3.6 hrs 
when 98^ of the theoretical hydrogen chloride had been evolved, the 
reaction was terminated bjr the addition of methanol (25 ml). the product 
then turned pinkish brown.
The product was washed with water (4 x 200 ml) before drying over 
potassium carbonate (30 g, 3 h). A yellow liquid remained after filtering 
off the dessicant. Excess of chlorobenzene and low boiling side products 
were removed by distillation at atmospheric pressure up to l65°C. The 
residue from above was distilled under reduced pressure to give the 
fractions shown in the following table:
TABLE 16.1.
Fractions b.p. °c/mm Wt (g)
1 30-100/0.15 - 0 .1 6 2.1
V
2 130-140/0.15 - 0.17 1 0 2 .2
3 140-142/0.16-0.17 24.7
Residue - Dark brown tarry - 51 g
The n.m.r. and g.l.c. of samples removed during reaction did
not indicate significant isomerization of the 1,1-di(chlorophenyl)
ethanes. The n.ra.r. showed a doublet & = 1.5 p.p.m. which 
disappeared on standing in an n . m . r .  tube.
The doublet was found to be that of 1,l-dichloroethana by 
adding a requisite amount to the sample in the n.m.r. tube. The size 
of the doublet increased after the addition.
The distillate collected at atmospheric pressure showed the presence 
of ethyl chlorobenzenes (^H n.m.r. spectra). This was confirmed by 
■■g.l.c./in.-s.;, i.e. by finding the molecular ions of the low retention 
time peaks. (Details for mass spectra are given in Chapter 12). The 
residue was distilled under reduced pressure and three fractions were 
collected as shown in the following table:-
TABLE 16.2.
Fractions b.p. (°c/mm) Wt (g)
1 30 - 100/0.15 - 0.16 2.2
2 130 - 140/0.16 - 0.17 103.2
3 140 - 142/0.16 - 0.17 22.0
The isomer distributions are given in the following table.
TABLE
G.l.c.
1 6.3 .
Isomar Ra tios
n.ra.r.
r
3,5* +
2,2' to to ■*p
*
wt 3,4 4,4V 9 9 » 2,3’ + 2,4’ 3,4' + 
4,4’
I* 5.2 6,3 42.3 > 1 14.8 31.4 4.8 48.7 46 .5
2 5.2 6.2 41.3 >1 16.1 31.0 4.6 48.5 46.9
3 3.0 4.2 36.1 > 1 16.9 39.8 4.1 38.2 57.7
* n.m.r. of fraction 1 also showed the presence of ethyl 
chlorobenzenes.
16.1.2. Aluminium chloride catalyst (30 - 5°C)
The reaction was repeated in exactly the same way as in 
experiment 16.1.1 to check if reproducible results were obtained.
A teflon stirrer was used and the problem of mercury splashing was 
thus solved. The product was analysed by examination of the n.ra. ,r 
spectrum and g.l.c. Isomer distribution of the 1,l-di-(chlorophenyl) 
ethanes was the same as in $.1.1 to within - 2f0.
16.1,3. Aluminium chloride catalyst (5 - 5°C)
Vinyl chloride was condensed as before and chlorobenzene was 
introduced into the flask, and cooled (l°C) with an ice-salt mixture. 
Vinyl chloride (11 ml, 0.18 mol) was added and, after ten minutes, 
aluminium chloride (6.0 g, 0.05 mol) was introduced. The contents 
of the flask changed to orange very slowly in comparison to 1 6.1 .1  
and 16.1.2. In spite of that, the evolution of hydrogen chloride 
indicated a reasonable rate of reaction. The reaction was continued 
as in 16.1.1, maintaining the .temperature within 5 - 5°C. However, 
at one stage (1.4 hrs after aluminium chloride addition), the 
temperature shot up to 15°C after introducing vinyl chloride even 
though the flask was surrounded by ice-salt. It was nob felt 
necessary to repeat the reaction with a more controlled rate of vinyl 
chloride addition, so as to maintain the temperature within the desired 
limits, because the isomer ratios of the samples withdrawn previously 
(when the temperature was strictly at 5 - 5°C) showed results very 
similar to 16.1.1.
At the end of four and a half hours, when 96'o of the theoretical
amount of hydrogen chloride had been evolved, the reaction was 
terminated by adding methanol (20 ml). The product vas analysed 
by examination of the n.m.r. spectrum and g.l.c. chromatogram. The 
isomer distribution of the dichlorodiphenylethanes is shown in the 
table below:-
TABLE 16.4.
1,l-Di-(chlorophenyl) ethanes
2,2*
2,3’
2,4'
3,3’
‘ 3,4’
4,4'
16.1.4. Aluminium chloride catalyst added first
Vinyl chloride was condensed as in 16.1.1. In the present 
experiment, the aluminium chloride was added first to the chloroben/ene, 
when the contents of the flask turned yellow. Ten minutes later, the 
addition of vinyl chloride was started. A fresh amount was added when 
temperature fell below 25°C and/or acid evolution slowed down. The 
reaction was allowed to proceed to 70$ completion.
The product was analysed by examination of n.m.r. spectrum and 
g.l.c. without further purification. The isomer distribution of the
1,l-di-(chlorophenyl) ethanes is shown in the following table.
5.3
5.3 
38.6
>1
17.0
33.8
TABLE 16.5.
1, l-Di.-(chlorophenyl) ethanes fc
2,2' 7.2
2,3’ 7.7
\2,4* 37.4
3,3’ >1
3,4' 16.5
4,4' 31.2
The reaction was then repeated in exactly the same way as 
experiment 16.1.1 with several other catalysts, using 0.05 mol of each 
and the same amounts of chlorobenzene and vinyl chloride as in 
experiment 16 .1.1.
The liquid catalysts, antimony pentachloride and titanium chlocid 
were introduced by a syringe via the serum cap, whereas the solid 
catalysts, ferric chloride and zinc chloride, were introduced from 
the dispenser used previously for''■aluminium chloride. In experiment
16.1.8, aluminium chloride (5.7 g, 0.04 mol) was dissolved in 
nitrons thane (7.2 g, 0.12 mol) in a dry box arid the solution was 
introduced into a dropping funnel which replaced the aluminium chloride 
dispenser in the apparatus described in experiment 16 .1.1. The results 
of these reactions are set out in Table 16.6.
Expt. Catalyst
16 .1.5 SbCl5
16 .1.6 FsC13
16 .1.7 TiCl^
16 .1.8 AlCl^ in
CH^NOg
16.1.9 ZnCl2
16 .1.10 SnCl.4
a Time refers to the time the reaction mixture was maintained under the 
conditions of the reaction before stopping it with methanol addition.
b There was no temperature rise in any of these reactions after the 
catalyst addition, but the colour changed for all except 16.1.9 .
^H n.m.r. spectra of all samples removed from these reactions showed 
aromatic and olefinic hydrogens. G.I.- chroiaa tograms did not show 
any diehlorodiphe^'lethanes even at very high sensitivity (2 x l)
16.2. Reactions between 1,1-dichloroethane and chlorobenzene
16.2.1. 1,1-Dichloroethane and chlorobenzene at 40 - 50°C
153The method reported by Dieter and Thiegs was attempted first 
on one-tenth of the reported scale. The apparatus used for the 
preparation of ^ ^ ’-dichlorobenzophenone page 116 was used here with one 
modification, the dropping funnel (100 ml) was replaced by a two way 
adapter fitted with a dropping funnel (250 ml) and a serum cap.
The flask was flushed with nitrogen (10 mins) after which 
chlorobenzene (338 g, 3.0 mol) and anhydrous aluminium chloride
TABLE 16.6.
Time 3(h) Temp. °C° Remarks
3.1 23 No HCl evolved
2.0 22 70fo of theoretical amount of
HCl was evolved
2.3 19 60^ of theoretical HCl was
evolved
2.1 19 No HCl was evolved. An hour
later, cone HCl (3 ml) was 
introduced, still there was 
no evidence of any reaction
2.4 19 No HCl evolved
2.0 19 HCl (50% of theoretical amoun
evolved.
(4.1 g, 0.03 mol) were introduced. This suspension was heated to 
50°C with stirring and then 1,1-dichloroethane (74 g, 0.03 mol) 
added gradually over two hours from a dropping funnel. The yellow 
mixture turned reddish brown as the reaction progressed and hydrogen 
chloride was evolved. Samples were removed every half hour for 
analyses by n.m.r. and gas-liquid chromatography. The reaction 
was allowed to proceed for another two hours after the completion of 
the addition of the 1,1-dichloroethane. The mixture was then 
decomposed with water (100 ml) when it turned yellow. The isomer 
distribution of 1,l-di-(chlorophenyl) ethanes in the final product is 
in Table 16.7 The samples removed during the reaction did not show 
significant isomerization (^  2^).
16.2.2. 1,1-Dichloroethane and chlorobenzene at 0 - 10°C.
154
The method described by Grumraitt and his coworkers to prepare
1,l-di-(4-chlorophenyl) ethane was attempted next. The apparatus was 
the same as that used in experiment 16.2.1. The reaction flask was 
flushed with nitrogen (10 mins) after which chlorobenzene (3 1 6 .8 g,
2.8 mol) and aluminium chloride (39.9 g, 0.3 mol) were introduced. A 
yellow suspension was obtained and the flask was cooled to 8°C with an 
ice-salt mixture. 1,1-Dichloroethane (59.4 g, 0.6 mol) was then added 
over one hour, the mixture gradually darkened to reddish brown, and 
hydrogen chloride was evolved. Samples were removed for analyses (every 
half hour) and the reaction mixture was maintained at 0 - 10°C with ice 
cooling. At the end of another half hour, the mixture was hydrolysed 
with ice (200 g) "and concentrated hydrochloric acid. The isomer 
distribution of the 1,l-di-(chlorophenjrl) ethanes in the product is in 
Table 16.7. Analysis of the samples removed did not show significant 
isomerization (- 2$).
16,2.3. 1,1-Dichloroethane and Chlorobenzene, Ratio 1 : 5.6.
236The method reported by Schmerling and his coworkers 
for the alkylation of benzene with 1,l~dichlo:robenzene was followed 
next. The apparatus was the same as that used in experiment 15.2.1. 
Chlorobenzene (201.0 g, 1.8 mol) and aluminium chloride (5.0 g, 0.04 mol) 
were introduced into the flask after flushing it with nitrogen, A 
solution of 1,1-dichloroethane (49.0 g, 0.5 mol) in chlorobenzene 
(90 g, 0.8 mol) was placed in the dropping funnel. A periodical addition 
of this solution was carried out, the total amount being added in one 
and a half hours, a fresh addition being made when the acid evolution 
slowed down. The colour of the solution changed from yellow to brick 
red on the addition of 1,1-dichloroethane. Heating was not required 
for the first hour, after which, the temperature was raised to 45°C.
The reaction was allowed to continue for another three hours after all 
the 1,1-dichloroethane solution had been added, by which time, 1.05 moles 
of hydrogen chloride had been evolved. Samples were removed every half 
hour for analyses. The product was treated with water (100 ml) and after 
cooling it was transferred into a separating funnel. More water 
(2 x 100 ml) was added but the aqueous and organic layers could not be 
distinguished. Ether (50 ml) was added and the aqueous layer was then 
removed. It was extracted with ether (2 x 50 ml) and the combined 
organic extracts washed with sodium hydroxide solution, (0.1 N, 2 x 250 ml), 
and then with water (3 x 250 ml) before drying over anhj'drous potassium 
carbonate (20 g, 3 h). The latter was filtered off and the ether 
removed from the filtrate by evaporation. The remaining liquil was then 
distilled at atmospheric pressure to remove the chlorobenzene. The 
residue (101 g) was distilled (130 - 135°C/0.2 mm) and examined by 
^H n.m.r. and g.l.c. The isomer distributions of the 1,l-di-(chlorophenyl)
ethanes in the final product is in Table 16..7. As.before, analyses
of the samples removed did not show significant isomerization.
16.2.4. 1,1-Dichloroethane and chlorobenzene, Ratio 5.6 : 1,
In experiment l6.2.2, the ratio of 1,1-dichloroethane : 
chlorobenzene was 1 2 5.6. In the present experiment, a reverse 
ratio of 5.6 : 1 was used in order to examine whether the expected 
intermediate l-chloro-l-(chlorophenyl) ethane was formed in the absence 
of excess chlorobenzene, or whether it reacted simultaneously to give
1.1-di-(chlorophenyl)ethane3 or not.
The apparatus used in experiment 16.2.1 was used here.
1.1-Dichloroethane (169.9 g, 1.7 mol) and aluminium chloride (5.0 g,
V
0.04 mol) were introduced into the flask after flushing it with 
nitrogen ^10 min). A solution of chlorobenzene (56.3 g, 0.5 mol) 
in 1,1-dichloroethane (84.9 g, 0.9 mol) was placed in the dropping funnel. 
This was added very slowly to the flask, an ice bath being kept handy 
to combat a possible exothermic reaction. However, the temperature 
did not rise substantially (22 to 26°c). A little refluxing was 
observed during the course of the addition of the reactants, the 
addition of which was complete in two hours. The reaction v/as allowed
.s'"
to continue for a further two hours and samples were removed every half 
hour for analyses by "Si n;m.r. and g.l.c.
The product was worked up as in experiment 16.2.3. Distillation 
under atmospheric pressure was carried out in two stages, first up to 
70°C and then up to .130°C, and the distillates examined separately by 
"^H n.m.r. and g.l.c. The residue was then distilled from a water bath 
at 0.1 mm. No distillation occurred, so a burner was used and a light
yellow liquid distilled at 120 - 125°C/0.l mm.
The H n.m.r. spectra of samples removed during the first two and 
a half hours showed absolutely no dichlorodiphenylethanes. The only 
prominent peaks were those of ethylchlorobenzenes. The chromatogram 
indicated six low retention time peaks. However, around the third hour, 
1, l-di-(-chlorophenyl).' ethanes were seen by the n.m.r. spectra and 
g.l.c. The isomer distribution of the 1,l-di-(chlorophenyl) ethanes 
in the product before vacuum distillation is in Table 16.7.
The n.m„-r. spectra of samples removed during the reaction were 
not very clear because of the enormous doublet and quartet of
1.1-dichloroethane. The n.m.r. spectrum of the distillate upto 
70°C showed ether and 1,1-dichloroethane. The residue at this stage 
still showed 1,l-dichloroethane and 1,l-di-(chlorophenyl) ethanes and 
a triplet at £ = 1.3 p.p.m. and a doublet at £ =2.2 p.p.m. The 
distillate at 130°C showed 1,1-dichloroethane and the residue consisted 
of the remaining peaks. The distillate at reduced pressure showed the
1.1-di-(chlorophenyl)ethanes.
16.2.5. 1,1-Dichloroethane and chlorobenzene, Ratio 1 : 5.6.
This reaction was carried out with titanium tetrachloride 
catalyst. The apparatus was the same as that used in experiment
16.2.1, with the exclusion of the aluminium chloride dispenser. As in 
experiment 16.2.1, first chlorobenzene was placed in the flask and 
then titanium tetrachloride (7.6 g, 0.0*t mol) was introduced by a 
syringe via the serum cap. A periodical addition of a solution of
1.1-dichloroethane was carried out over an hour, but there was no
colour change or temperature rise. Very little hydrogen chloride 
( %  of the theoretical amount) was evolved. The flask was heated
to 50°C, but there was no regular acid evolution. Samples were 
removed for n.m.r. and g.l.c. analyses and at the end of three 
hours, the reaction was stopped by the addition of water (100 ml).
The n.ra.r. spectra of samples removed during the reaction 
showed only 1,1-dichloroethane and chlorobenzene. The chromafcogram 
showed only the solvent peak, and when the temperature in g.l.c. was 
reduced to 50°C, two peaks were seen corresponding to chlorobenzene 
and 1,1-dichloroethane.
TABLE 16.7. 
Isomer distribution fo
Sxpt. 2,2' 2,3f 2,4' 3,3’ 3,4’ 4,4
16.2.1 3.7 5.9 33.0 4.9 19.0 33.5
1 6 .2 .2 3o6 12.3 13.3 14.6 29.9 21.3
16 .2.3 4.0 7.6 2 6 .5 3.9 21.7 3 6 .2
16.2.4 1.9 1.9 45.2 2.0 7.2 41.3
CHAPTER 17
EXPERIMENTS ON THE MECHANISM OF THE REACTION BETWEEN 
VINYL CHLORIDE AND ALUMINIUM CHLORIDE IN CHLOROBENZENE
17.1. Vinyl Chloride arid Aluminium Chloride in Nitrobenzene
17.1.1. Without hydrogen chloride
The dry ice trap E used in experiment 16.3*1 was connected to 
a nitrogen inlet, vinyl chloride cylinder and the constant pressure 
device. A flask (50 ml) containing a saturated solution of aluminium 
chloride in nitrobenzene was placed below it. Vinyl chloride (10 ml) 
was condensed into the trap E just as in experiment 16.3.1 and added 
to the solution in the flask. The contents became hot and darkened 
and bubbling was observed. Ten minutes later, when the reaction 
appeared to have subsided (bubbling ceased), and the reaction mixture 
had cooled to room temperature, the flask was removed and a sample 
drawn from it into a drawn out n.m.r. tube with the aid of a 
Pasteur pipette. (The sample was transferred very carefully, so as 
to avoid getting the neck wet.) The tube was then sealed off.
17.1.2. With hydrogen chloride
The apparatus used in experiment 1 7.1.1, was used here. The 
flask contained a saturated solution of aluminium chloride in 
nitrobenzene through which hydrogen chloride had been passed. (15 mins) 
The vinyl chloride addition, sample removal and transfer and tube 
sealing, were carried out as in the previous experiment.
The ^H n.m.r. spectra of the mixtures in the n.m.r. tubes of 
experiments 17.1.1 and 17.1 .2 were run at intervals ( 12 h) over a
fortnight. It was observed that vinyl chloride was converted to
1,1-dichloroethane, but the conversion was not instantaneous, or
complete even after a fortnight; i.e. unconverted vinyl chloride 
1
was seen in the H n.m.r. spectra.
17.2. 1,1-Dichloroethane and aluminium chloride in nitrobenzene
17.2.1. Without hydrogen chloride
1,1-Dichloroethane was added to a saturated solution of 
aluminium chloride in nitrobenzene and the mixture was then 
introduced into a prenecked n.m.r. tube which was then sealed.
17.2.2. With hydrogen chloride
The procedure of 17.2.1 was followed but 1,1-dichloroethane 
was added to a saturated solution of aluminium chloride in 
nitrobenzene through which hydrogen chloride gas had been passed 
(10 min). As before, the solution was transferred into a drawn out 
n.m.r. tube which was subsequently sealed.
^H.n.m.r. spectrum of the mixtures in the n.m.r. tubes of experiments
17.2.1. arid 17 2^ .2 .' .’ were taken at intervals ( 12 h) for a
week. No change was observed, i.e. no vinyl chloride seemed to have 
formed. ‘
17.3. Vinyl Chloride and Aluminium Chloride in 1,2,4-Trichlorobenzene
I7.3 .I. Without hydrogen chloride.
The reaction was carried out exactly in the same way as 17,1.1.
substituting 1,2,4-trichlorobenzene for nitrobenzene. Some of 
the reaction mixture was transferred into a prenecked n.ra.r. tube 
which was.sea led.
17.3.2. With hydrogen chloride
The reaction was carried out as in experiment 17.1.2, using 
1,2,4-trichlorobenzene instead of nitrobenzene.
The n.m.r. of the samples of experiments 17.3.1 to 17.3.2 
were examined periodically over a week. In these spectra too, the 
conversion of vinyl chloride to 1,1-dichloroethane was observed, 
but this was not complete in either of the two experiments, as a 
substantial amount of unreacted vinyl chloride remained.
\
17.4. Vinyl Chloride and Aluminium Chloride in 1,2,4-Trichlorobenzene
with internal standard in n.m.r.
I7.4 .I. Internal standards in n.m.r. spectra.
The possibilities of using the following compounds as internal 
standards was investigated: 1,4-dioxan, dimethyl sulphoxide, acetone
acetonitrile, nitromethane, dimethyl formamide, methyl formate and 
4-nitrotaluene. For this purpose, 0.03 to 0.06gof each compound 
was added to 0.5m l  of the product of reaction 16. JL.l, and the 
H n.m.r. spectra of these solutions were then examined. Of the 
eight compounds, the last three were found to have peaks in the 
desired region. However, dimethyl formaraid e could not be used as 
there was a possibility that it might complex with aluminium chloride 
Methyl formate is extremely volatile and thereby unsuitable for
any quantitative work. Therefore it was decided to use 
4-nitrotoluene as an internal standard; an additional advantage 
of using this compound is that it is a solid and can be weighed 
out easily with reasonable accuracy. By trial and error, it was 
found that 0.03 § of 4-nitrotoluene in 0.5 ml of a sample removed 
from a reaction mixture gave comparable size peaks for the methyl 
group of the internal standard and the dichlorodiphenylethanes.
17.4.2. Vinyl Chloride and aluminium chloride in 1,2,4-trichloro­
benzene .
The apparatus used for reactions between vinyl chloride and 
chlorobenzene in experiment 16.1.1 was used here, the usual 
precautions being taken in the handling of vinyl chloride.
Vinyl chloride (80 ml, 1.3 mol) was condensed and a portion
(11 ml) added to the flask containing 1,2,4-trichlorobenzene
(907.5 S 5.0 mol) as in experiment 16.1.1. Ten minutes later,
aluminium chloride (6.1g, 0.05 mol) was added with ice cooling.
Eight sample tubes containing 0.03 gof 4-nitrotoluene (as
described in 17.4.1) were kept ready to follow the reaction.
Samples (0.5 ml) were removed every 6 - 8 minutes and added to
the sample tubes which were immersed in ice. After all the
4-nitrotoluene had dissolved, the solution was transferred into an
1
n.m.t. tube and the spectrum run quickly. The H n.m.r. spectra 
of samples removed in the first fifteen minutes, only showed 
vinyl chloride i.e. there was no conversion to 1,1-dichloroethane. 
Hydrogen chloride gas was then passed into the flask. Thirty-eight 
minutes after the catalyst addition, the doublet of 1,1-dichloroethan
appeared on the spectrum. The rate of vinyl chloride addition 
was the same as that of experiment 36.1.1. Unfortunately from the 
second hour, another doublet (£ = 1.2 p.p.m.) appeared near that of
1.1-dichloroethane, signifying that the solvent had started to
react. 15 mins later another doublet (S= 1.0 p.p.m. )appeared. It was 
apparent that it was impossible to follow the conversion of vinyl 
chloride to 1,1-dichloroethane quantitatively in 1,2,4-trichloro­
benzene . ■ . .
17 .5. Vinyl Chloride and Aluminium Chloride in Chlorobenzene
The reaction was carried out in exactly the same way as
experiment 1^1.1, noting down the rate of addition of vinyl
chloride and removing exactly 0.5 ml of sample into sample tubes
containing 0.03g 4-nitrotoluene. After 4-nitrotoluene had
dissolved in the chlorobenzene of the sample removed, the
solution was transferred into n.m.r. tubes immersed in ice, and 
1
the H n.m.r. spectra taken as quickly as possible. The spectra 
taken immediately after the addition of vinyl chloride showed
1.1-dichloroethane. From the integrals in the spectra, the ratio 
of the methyl groups in the dichlorodiphenylethanes : internal 
standard was calculated.
17.6. 1,1-Dichloroethane and Aluminium Chloride in Chlorobenzene
This reaction was carried out under conditions as identical 
as practicable to reaction 17.5. This necessitated the addition 
of 1,1-dichloroethane at -77°C, therefore the percentage of the 
total vinyl chloride (1.3 mol) added to the reaction flask at the 
various intervals in experiment 17 .5 was calculated. Thus the
number of millilitres of 1,1-dichloroethane from the total 98.24 ml 
(128.7, g 1.3 mol) was calculated. The rateof addition was as follows
TABLE 1 7.1 .
Time (min) Expt. 17.5 Expt. 1 7 .6 (ml of 1,1-dichlo
(fo VC added) roethane to be added)
0 13.75 13.5
23 20.00 19.7
34 22.50 22.1
45 31.20 30.7
58 37.50 36.9
67 54.75 5 3 .8
73 6 0 .0 0 58.9
85 68.75 67.5
99 77.50 7 6 .1
104 81.25 79.8
109 90.00 88.4
115 92.50 90.9
127 100.00 98.2
The apparatus was set up as in experiment 16. 1.1 and
1,1-dichloroethane (98.24 ml,. 1.3 mol), was introduced into the 
vinyl chloride collection trap E which was graduated to the 
volumes of 1,1-dichloroethane to be added at various intervals. 
Drikold and methylated spirit were introduced into the trap E.
The reaction was carried out in an analogous manner to 
experiment 16.1.1. keeping eight sample bottles each containing 
0.03gof 4-nitrotoluene handy for taking 'H n.m.r. spectra of 
samples from the reaction mixture.
On the addition of aluminium chloride the colour of the 
reaction mixture changed from light yellow to dark orange, and 
ice cooling was required to maintain the temperature at 30 - 5°C. 
However, during the subsequent addition of 1,1-dichloroethane, no 
more ice cooling was found necessary. Samples were removed at the 
same intervals as reaction 17.5 and-H n.m.r. spectra of mixtures 
with 4-nitrotoluene were run. In the beginning only the peaks of 
the dichlorodiphenylethanes were seen, but towards the end of the 
reaction, the doublets of 1,1-dichloroethane were seen on the 
spectrum. The ratio of the methyl groups in the dichlorodiphenyl­
ethanes to the internal standard, was calculated from the integrals 
1
in the H n.m.r. spectra.
The values above and in experiment 17.5 were plotted against 
time (fig. 17.1.)
The isomer ratios of the dichlorodiphenylethanes were calculated 
in this reaction. The percentages of the isomers are in the
following table:-
TABLE 17.2.
Dichlorodiphenylethanes ^
''2,2' 4.5
2,3f 6.8
2,4' 32.7
3,3’ 2.0
3,4' 18.5
4,4' 35.6
The chromatograms of 17.5 and 17.6 are on page 187. .-L '•
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Comparitive reactions with vinyl chloride and 1,1-dichloroethane
A  1,1-Di-chloroethane 
Vinyl chloride
4.0
3.5
3.0
2.0
pH
0.0
100 160120 140
Time (mins)
Figure 17.2.
Chromatograms of 1,l-di-(chlorophenyl) ethanes in the products
of competitive reactions 17.5 and 17.6
Vinyl chloride 1,1-Dichloroethane
40
Time -> Time
1,l-Di-(chlorophenyl) ethane 
a - 2,2'
d - 3,3'
e - 3,^’
17.7. 1,1-Dichloroethane, l-chloro-l-(4-chlorophenyl)ethane and 
aluminium chloride in chlorobenzene
A flask (100 ml) was fitted with a serum cajy magnetic stirrer 
and a drying tube. 1,1-Dichloroethane (11 g,0.11 mol) and 
l-chlOro-l-(4-chlorophenyl)ethane (19 g, 0.11 mol) were introduced 
into the flask which was placed on a stirrer plate. a  n.m.r. 
spectrum of the mixed reagents was taken.
The apparatus for the reaction was that used in experiment 
16. 2.1, with the exclusion of the dropping funnel. Chlorobenzene 
(94.4 g, 0.84 mol) followed by aluminium chloride (1.5 g» 0.01 mol) 
were introduced into the flask after flushing with nitrogen.
25$ of the mixed reagents was drawn with a syringe and introduced 
into the reaction flask; the temperature of the mixture then rose 
from 23 to 28°C, and hydrogen chloride was evolved immediately. The 
reaction was continued with periodical additions of the mixed 
reagents and "^H n.m.r. spectra of samples were taken. The peaks of 
l-chloro-l-(4-chlorophenyl)ethane were never seen. Some of the 
spectra showed the presence of 1,1-dichloroethane in addition to 
the product dichlorodiphenylethane and solvent chlorobenzene.
17.8.1 l-Chloro-l-(substituted chlorophenyl)ethane and chlorobenzene
In order to calculate the ratio in which l-chloro-l-(2-chlorophenyl)- 
ethane (i) l-chloro-l-(3-chlorophenyl)ethanes (il) and 1-chloro-l- 
(4-chlorophenyl)ethane (ill) ought to be present as a syn'thetic 
mixture to obtain an isomer ratio of dichlororodiphenylethanes 
as close as possible to the results obtained in a typical vinyl
chloride 1,1-dichloroethane and chlorobenzene reaction, the average 
values of each isomer obtained from twelve runs were calculated 
from products in reaction 1 7 .5 and 17 .6 and standard deviations 
measured. The values shown below were obtained.
TABLE 17.3.
Dichlorodiphenylethane
2 ,2 * 4.2 + 0.4
2,3* 5.9
+ 0.7
2,4’ 35.4 :+ 4.0
3,3' 1.3 + i.4
3,4' 1 7 .1 + 1.7
4,4' 35.8 + 1.4
The apparatus used in experiment 16.2.1 was used here. The 
flask was flushed with nitrogen before introducing chlorobenzene 
(5 6 .2 5 g, 0 .5  mol) and aluminium chloride (l.l g, 0.09 mol) and 
a few drops from a mixture of I, II and III in the ratio 36 : 20 : 44 
(17 .6 g, 0.1 mol) was added. The colour of the mixture turned red 
and hydrogen chloride was evolved. The reaction was continued with 
the addition of the mixed reagents. At the end of one and a half 
hours, when the theoretical quantity of hydrogen chloride had been 
evolved, the reaction was stopped, and the isomer distribution of 
the product calculated by g.I.e. Seven separate chromatographic 
analyses were carried out. Results are in Table 17.4.
17.8.2. l-Chloro-l-(substituted chlorophenyl)ethane and 
chlorobenzene
The reaction was carried out in exactly the same way as 
experiment 17.8 .1 except that I, II and III were in the ratio 
36 : 22 : 42. The isomer distributions of the dichlorodiphenyl- 
ethanes were calculated from g.l.c. chromatograms obtained in 
eight separate runs.
The results of experiments 17.8.1 and 17.8.2 are shown in 
the following table.
TABLE 17.4.
Dichlorodiphenylethane ; ^
.8 .1 .8 .2
2 ,2 * 3.3 + 0.4 2.9 ± 0 .1
2,3' 4.8
+ 0.6 3.3 0 .5
2,4' 37.4 ■+ 1.8 38.6 ± 2 .3
3,3* >1.0 >1.0
3,4' 17.3
+ 1.1 17.8 - 0 .8
4,4' - 37.2 + 3 6 .9 i 1.7:
17.9. Vinyl chloride and chlorobenzene
The apparatus used was exactly the same as experiment 16.-1.1. 
Several n.m.r. tubes containing methanol were kept ready.
The reaction was carried out as in experiment 16. 1.1 with the
addition of vinyl chloride and aluminium chloride. Samples 
were removed very frequently, and were introduced into the n.m.r. 
tubes, and lH n.m.r. spectra run quickly.
1
The H n.m.r. spectra showed vinyl chloride and
1.1-dichloroethane for the first thirty one minutes. The 
erthylchlorobenzenes were then seen, and thirty eight minutes later 
the peaks of dichlorodiphenylethanes were first observed. It 
appeared that after each vinyl chloride addition, the
1.1-dichloroethane increased in size and later on the peaks for 
the dichlorodiphenylethanes appeared.
17.10. Vinyl chloride, l-chloro-l-(substituted-chlorophenyl)ethane
The reaction was carried out like experiment 16.1.1 for an 
hour and forty minutes after which time 70fo of the vinyl chloride 
had been added and a sample was then removed for g.l.c. analysis.
A mixture of I, II and III in the ratio 36 : 22 : 42 was then 
added and ten minutes later a sample was removed for V  n.m.r. and 
g.l.c. analysis. The H n.m.r. spectra did not show the presence of 
I, II or III. The ratio of the six isomers were calculated by 
g.l.c. and are given in the table below
Dichlorodiphenylethane fo Before I, II, III addition J0 After addition
and chlorobenzene
TABLE 17.5
4.2 4.4
2,3’ 5.8 5.9
39.1 38.3
17.1
1.0
18.0
1.0
4,4’ 33.8 4
CHAPTER 18
PREPARATION OF 1-CHLORO-1-(CHLORO PHENYL) ETHANES (INTERMEDIATES) 
THEIR CHARACTERIZATION AND . REACTIONS WITH HALOBENZENES
18.1. Preparations of l-chloro-l-(chlorophenyl)ethanes.
18.1.1. l-(4-Chlorophenyl) ethanol small scale preparation.
251The title compound was prepared by the method used by Woodcock. J 
The preparation was first carried out in a small scale.
Dry 2-propanol required for the reduction was prepared from the
255available analar 2-propanol by the method suggested by Vogel.
4-Chloroacetophenone (38.7 g, 0.25 mol), was added to a suspension 
of aluminium isopropoxide (50 g, 0.25 mol) in dry 2-propanol (250 ml) 
and heated for 4.5 h, after which a negative acetone test was obtained. 
The product was worked up as in 12.1.1. The brown sticky mass 
remaining after the removal of the ether was vacuum distilled to give 
31 g (b.p. 80 / 0.2 mm) of the expected product. Yield - 80$.
18.1.2. l-Chloro-l-(4-Chlorophenyl)ethane (smalI scale preparation)
251
This was also prepared by the method suggested by Woodcock.
l-(4-Chlorophenyl)etlianol (31 g, 0.2 mol) was chlorinated with 
phosphorus pentachloride (45.6 g, 0.22 mol) and heated to 100 - 105°C 
in an oil bath (1 h) after which, no more hydrogen chloride was 
evolved. The yellowish brown mass turned into a brown homogeneous 
solution during heating. The product was then ether extracted, washed
and dried before distilling under vacuum, (b.p. 57°C/0.22 ra). 29 g 
of a colourless oily liquid was obtained. Yield - 85$.
The gas liquid chromatogram was run under the same conditions 
as the dichlorodiphenylethanes. Five peaks of retention times 1.2,
1.6, 1.8, 2.2 and 3.2 minutes were seen, the last one being the 
most prominent. The n.m.r. and mass spectrum showed that the 
compound was very pure. The injection temperature was, therefore, 
gradually lowered from 200°C through 180, 160, 140 and 120°C, and 
the last peak became bigger and bigger and the other ones gradually 
diminished in size.
18.1.3. l-(4-chlorophenyl)ethanol (large scale preparation)
The procedure of 18.1.1 was repeated using 108.5 g, 0.7 mol 
of 4-chloroacetophenone. The reduction was complete in 4.6 h and 84 g 
of the product b.p. 82°c/0.20 □m was obtained. Yield was 77$.
Results are set out in table 18.1.
18.1.4. l-Chloro-l-(4-chlorophenyl)ethane (large scale preparation)
The procedure of 1^1.2 was repeated with 80 g of the substituted 
ethanol. ^The heating was carried out at a lower temperature 
(90 - 100°C), but only 32 g of the desired product (b.p. 57°C/0.22 mm)
was obtained. 47 g of a dark brown residue remained after distillation 
under vacuum where an oil bath provided heating. Yield was 35$. Results 
are in Table 18.2.
18.1.5. 3-Chloroacetophenona.
The title compound has been prepared by the Sandmeyer reaction on 
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3-aininoacetophenone. However, it vas prepared here by the method
used by Reynolds and Hauser for 2-nitroacetophenone and
2-chloroacetophenone.
A Grignard set-up used for 2,3'-dichlorobenzophenone 12.1.4 
was used here. Magnesium turnings, (10.8 g, 0.44 g atom), absolute 
ethanol (5 ml) and carbon tetrachloride (l.Q ml) were introduced 
into the flask, which was gently warmed, when vapours were evolved.
The heating was stopped and ten minutes later, dry ether (50 ml) 
was then introduced over 30 min from the dropping funnel. The flask 
was gently heated during the addition when ether refluxing was observed 
The flask was kept under reflux (3.5 h) until all the magnesium had 
dissolved and a grey solution was obtained.
A solution of 3-benzoyl chloride (70 g, 0.4 mol) in ether 
(100 ml) was then introduced slowly over 20 min when the solution turne 
yellow and then olive green. The refluxing was allowed to continue 
for a further two hours, at the end of which the liquid became too 
viscous to stir. After cooling, the product was poured into a beaker 
(2 1) immersed in ice and containing sulphuric acid (50 g in 400 ml 
water). The aqueous and organic layers were separated. The organic 
layer was washed and the solvent evaporated to give a dark brown 
crude diethyl-3-chlorobenzoylmalonate.
This was transferred to a three necked flask and a solution of 
glacial acetic acid (120 ml), concentrated sulphuric acid (1 5 .2 ml) 
and water (80 ml) was added over 20 min, and the mixture heated under 
reflux (3*5 h) until the evolution of carbon dioxide ceased. The 
solution turned orangish-red during the heating. After cooling, the 
product was poured into a beaker immersed in ice. Sodium hydroxide
solution (20$) was then added with stirring, until the solution 
turned basic. (560 ml sodium hydroxide solution required).
The dark brown organic layer was separated from the aqueous
layer. The latter was extracted with ether (6 x 100 ml) and the
combined organic portion washed with water, before drying over 
anhydrous sodium sulphate (50 g, 4 h). The dessicant was filtered 
off, the solvent evaporated and the residue distilled to give 44 g 
of 3-chloroacetophenone (b.p. 58°C/0.0l ram). Yield was 70$.
18.1.6. l-(3-Chlorophenyl)ethanol.
This compound was prepared by a Grignard reaction by Overberger
258 259and his coworkers, and Grundy but an analogous method to the
one used for the preparation of l-(4-chlorophenyl)ethanol was attempted
with 3-chloroacetophenone (38.7 g, 0.25 mol). The reduction was
complete in six hours and 35 g of l-(3-chlorophenyl) ethanol
(b.p. 72°c/0.55 mm) was isolated by distillation. Yield was 92$.
Results are set out in Table 18.1.
18.1.7. l-Chloro-l-(3-chlorophenyl) ethane
No method for the preparation of the above was available} it was 
therefore prepared as in 18.1.2. The chlorination was carried out in 
two flasks, each containing l-(3-chlorophenyl) ethanol (18 g, 0.11 mol) 
to which phosphorus pentachloride (16 g, 0.07 mol) was added and the 
flasks were heated at 105 - H0°C (1.5 h). The solutions in the two 
flasks were combined after cooling. The product was ether extracted, 
washed and dried. It was distilled under vacuum to give 27 g of
l-chloro-l-(3-chlorophenyl) ethane (b.p. 52°C/0.02 mm). Yield was 70$. 
Results are presented in Table 18.2.
18.1.8. 2-Chloroacetophenone
The title compound was prepared by the method described by 
Reynolds and Hauser^Zs in 18.1.5 with 2-chlorobenzoyl chloride 
(100 g, 0.57 mol). 73 g of 2-chloroacetophenone (b.p. 56°C/ 0.07mm). 
was isolated by distillation. Yield was 83$.
18.1.9. l-(2-Chlorophenyl) ethanol.
The title compound was prepared via a Grignard reaction by 
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Grundy, but it was prepared here by an analogous method to 18 .1.1.
2-Chloroacetophenone (72 g, 0.47 mol) was reduced in 6.3 h and 63 g 
of. the desired product (b.p. 64°c/0.12 mm) was obtained. Yield was 
87$. Results are in Table 18.1.
18.1.10. l-Chloro-l-(2-chlorophenyl) ethane
No method for the preparation of the title compound has been 
reported, the procedure of 18..1.2.swas' followed.
The chlorination was carried out in two flasks containing the 
prepared carbinol (34 g, 0.22 mol) and (29.5 g, 0.19 mol) and phosphorus 
pentachloride (40 g, 0.19 mol) and (43 g, 0.21 mol) respectively. They 
were heated to 100 - 115°C (1.3 h) and the yellow solutions were 
combined after cooling, worked up as in 18.1.7 and distilled to give 
l-chloro-l-(2-chlorophenyl) ethane (40 g, 0.23 mol) (b.p. 50°C/0.0l6 mm) 
and a dark brown tarry residue (29 g). The yield was 56$. Results are 
in Table 18.2.
TABLE 18.1.
CONSTANTS AND ANALYTICAL DATA FOR l-(CHLOROPHENYL) ETHANOLS
SUBSTITUENT
4___
3....
2___
a - Ref 251 
b - Ref 259
B.p. °C/mm 
OBSVD. REPTD.
82/0.20 86/0.53
72/0.55 98/4.5b
64/0.12 80/2b
MICROANALYSIS 
OBSVD. CALCD.
e$ Ejo C jo H$
61.81 5.07 61.93 5.16
TABLE 18.2.
CONSTANTS AND ANALYTICAL DATA FOR l-CHLORO-l-(CHLOROPHENYL) ETHANES
SUBSTITUENT
4.....
# • * * •
2
a - Ref 251
b - Not reported 
Mass Spectra3
B.p. °C/mm 
OBSVD. REPID.
57/0.22 64/0.4
b
52/0.02
50/O.OI6
TABLE 18.3.
MICROANALYSIS 
OBSVD. CALCD,
C $ H$ Cfo
54.72 4.64 55.17
54.92 4.20
54.18 4.36
H$
4.02
Compounds
(Chlorophenyl) ethanols
l-Chlorophenyl-l-(chlorophenyl) ethanes
a - Details on page 140. 
b - Base peak
Parent peak (m/e) Fragments (m/e)
156
174
141 113, 77
159, 139^ 103, 77
Figure 18.1
n.m.r. spectrum of l-(2-chlorophenyl) ethanol
ToT1T2T4T5T7 T3T 68
>
n.m.r. spectrum of l-chloro-l-(4-chlorophenyl) ethane
H n.m.r. Spectra.
/ x a : b . c
Compounds:- (Chlorophenyl)ethanols ClC^H, CH OH CH_"
O “i J
TABLE 18.4.
Isomer Chemical Shifts
1 H a **b H'c
2 5.2580 2.3347 1.4616 6.1474
3 4.8832 2.5958 1.4401 6.4112
.4 4.8272 2.5558 1.4340 6.4402
The spectrum of (2-Chlorophenyl) ethanol, is on*, page 199.
a b
Compounds:- l-Chloro-l-(chlorophenyl)ethanesClC^H^CHClCll^
TABLE 18.5.
Isomer Chemical Shifts J^fHz)
Ha ffb
2 5.5670 1.8079 7.0256
3 5.0971 1.8177 7.0256
4 5.0272 1.7966 6.7329
The spectrum of l-Chloro-l-(4-chlorophenyl)ethane is on page 199.
18 .2. Reactions between l-chloro-l-(chlorophenyl) ethane and
halobenzenes
18.2.1. l-Chloro-l-(4-chlorophenyl) ethane and chlorobenzene
Since there were no reported alkylation reactions with the 
above reactant, the procedure used in experiment 15 .1 .1. jvas followed 
here with the exclusion of nitromethane.
A three necked flask (250 ml) was fitted with a thermoaster, 
dropping funnel (50 ml), aluminium chloride dispenser, nitrogen inlet 
serum cap, and reflux condenser. The flask was placed in a polyethylene 
glycol bath on a hot plate.
Procedure
Chlorobenzene (22.25 g, 0.20 mol) was introduced into the flask 
after flushing it with nitrogen (10 nins). A solution of 1-chloro-l- 
(chlorophenyl) ethane. (1 7 .5 g, 0.1 mol) in chlorobenzene (22.5 g, 0.2 
jnol ;) was placed in the dropping funnel. 10^ of this and some of the 
catalyst was added to the flask. No reaction seemed to occur in the
next fifteen minutes, as no hj'drogen chloride was evolved, and there
was no temperature rise (20°C). Heating was started, and at 35°C, 
acid evolution began to take place. The periodical addition of the 
reactant and catalyst was then carried out (2 h), and a steady reaction
seemed'to take place, the temperature being maintained between 35 - 40°C.
Samples were removed every half hour for ' 'H n.m.r. and g.l.c. analyses. 
The reaction was over (by acid evolution) in three and a half hours; 
after which it was stopped by the addition of methanol.
The H n.m.r. spectra and g.l. chromatograms of samples removed
during the reaction showed the peaks for l-chloro-l-(4-chlorophenyl) 
ethane in addition to 1,l-di-(chlorophenyl) ethanes and chlorobenzene. 
The product was found to contain chlorobenzene and 1,l~di(chlorophen3rl)- 
ethanes. The composition of the product and experimental details are 
in Table 18.6.
18.2.2. l-Chloro-l-(3-chlorophenyl) ethane and chlorobenzene
The reaction was repeated in exactly the same way as 18.2.1 
for l-chloro-l-(3-chlorophenyl) ethane. The composition of the 
product and the experimental details are in Table 18.6. As in
18 .2.1, the samples .from I the reaction showed the presence of 
l-chloro-l-(3-chlorophenyl) ethane.
18.2.3. l-Chloro-l-(2-chlorophenyl) ethane and chlorobenzene
The reaction was carried out in exactly the same way as 18.2.1 
with l-chloro-l-(2-chlorophenyl) ethane. The samples removed during 
the reaction showed the presence of the starting material. The results 
and experimental details are in Table 18.6.
18.2.4. 1-Chloro-l— (4-chlorophenvl) ethane and chlorobenzene
The apparatus used in this reaction did not include an aluminium 
chloride dispenser. Titanium chloride (3.1 g, 0.16 mol) was introduced 
by a syringe via the serum cap. The following table gives the 
experimental details and isomer distribution of the l,l-di-(chlorophenyl) 
ethanes.
TABLE 18.6.
Expt. Catalyst Time h
o a 
Temp C Isomer Ratio $
2,2’ 2,3’ 2,4’ 3,3V 3,4' 4,4'
18.2.1 A1C13 3.5 35-40 15.2 84.8
18.2.2 a i c i3 3.0 55-60 14.3 85.7
18-2.3 aici3 3.1 55-60 8.7 5.8 85.5 . •
18-2.4 Tic1!, 3.3 70-75 13.9 86.1
Q
Temp refers to the temperature to which the reactants were raised after 
catalyst addition, before acid evolution occurred. Temperature was then 
maintained at that value until the evolution of 95fo of the theoretical 
hydrogen chloride had taken place.
The "^H n.m.r. spectrum of all the samples removed from the reaction 
mixture showed unreacted l-chloro-l-(chlorophenyl) ethane, but the
n.m.r. of the product showed only 1,l-di-(chlorophenyl) ethanes and 
chlorobenzene.
IS.2.5. l-Chloro-l-(4-chlorophenyl) ethane and fluorobenzene.
The apparatus used in experiment 18.2.1 was used here. A 
modification of the procedures used for chlorobenzene for the above
• I .
experiment was made here. Fluorobenzene (48 g, 0.5 mol) and aluminium 
chloride„-(l.2 g, 0.09 mol) were introduced into the flask after 
flushing it with nitrogen. A few drops of'l-chloro-l-(4-chlorophenyl) 
ethane was then added from the dropping funnel which contained 17.4 g 
(0.1 mol) of the reactant. Hydrogen chloride was evolved immediately, 
and the colour of the reaction mixture changed to yellow. The periodical 
addition of the reactant was then carried out over 1.8 h. Samples were 
remosred every half hour for analyses by n.m.r. and g.l.c. and the 
reaction was stopped after two hours by which time 0.1 mol. of hydrogen
chloride had been evolved. No external heating was required in this • 
reaction.
The "^H n.m.r. spectra of samples removed during this reaction 
only showed the product 1,l-di-(halophenyl) ethanes and' fluorobenzene. 
The isomer distribution of the product and some experimental details 
are in Table 18.7.
The reaction was repeated in exactly the same way for bromobenzene 
and iodobenzene, i.e. using them instead of fluorobenzene in experiment
18.2.5. No external heating was required for either of these reactions. 
The results and some experimental details are in Table 18.7.
TABLE 18.7.
Expt. Halobenzene Temp °C Time h Colour Isomer distribution ^
G.l.c. "Si n.m.r.
2,4’ 3,4’ 4,4’ 2,4’ 3,4',4|4
18.2.5 Fluorobenzene 20 2.6 Dark 
yellow
18.2 1.0 80.8 19.0 81.0
18.2.1 Chlorobenzene 37 3.5 Brown 15 .2 <1 84.8 14.4 85.6
18.2.6 Bromobenzene 20 2.8 Dark
red
17.4 <1 82.6 1 6 .1 83.9
18.2.7 Iodobenzene 19 3.6 Dark
brown
13.4 3.3 83.3 14.0 86.0
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